New furnace puts “snap” in small parts production 


The quantity and quality of small parts can be increased by controlled atmos- 
phere heating and quenching in this new Surface® Snap Hearth Furnace. Pro- 
duction rates up to 300 lbs/hr are being attained in many plants. 


This is the first suspended hearth furnace to use suction type radiant tube fir- 
ing, which eliminates a muffle and its replacement problems. Another impor- 
tant feature is the hearth, which snaps to move the parts a short distance at 
regulated intervals. Hopper loading can be easily applied to the furnace. 


Combined with Surface atmosphere generating equipment, the Snap Hearth 
Furnace is especially efficient for clean hardening, dry cyaniding, carbon resto- 
ration. In several plants, the furnace is part of completely automatic hardening- 
tempering lines. 


Snap up your small parts production; ask your Surface man to show you how 
the Snap Hearth Furnace fits your plant. 


SEND FOR BULLETIN SC-173 * SURFACE COMBUSTION CORPORATION + 2377 DORR ST, TOLEDO 1, OHIO Surface 


Surtace ® Heat Treat, Stee! Mill, Glass Divisions *« Kathabar® Air Conditioning Division MEAT TREATING EQUIPMENT 
Janitroi® Heating and Air Conditioning Division « Janitroi® Aircratt-Automotive Division 
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Failures of Forged End Bells on Large Electric Generators . ) 
Forged austenitic steel rings at ends of rotor shafts on two 100,000-kw. generators in 
Toronto burst from overstressing in the region of ventilation holes. A variety of causes 
contributed to these brittle fractures, such as stress concentration at holes, work 
hardened metal in the bores, and a variable pattern of residual stress. (S 21, Q 25, AY)* 


Selection of Stainless Steel Electrodes for Trouble-Free Welds, by R. David Thomas, Jr......... 73 


Welding cracks in Type 347 can be eliminated by using an electrode which will produce 
a weld containing a small amount of ferrite. Such welds require heat treatment to 
prevent embrittlement in service. (K 1, SS) 


Use of Tap Water in Magnetic Particle Inspection, by J. L. McCabe and B. Hirst... . _ 77 


Tap water with suitable rust inhibitors and wetting and antifoaming agents may be 
substituted for the petroleum distillate now used as a medium in magnetic particle 
inspection systems. (S 13) 

Vibratory Polishing of Metallographic Specimens, by F. M. Krill............... 81 
A new method of polishing aluminum alloys with vibrating equipment has reduced the 
labor and skill required and increased the quality of surface obtainable. (M 21, Al) 

Rapid Chemical Analysis With the X-Ray Spectrograph, by A. M. Reith and E. D. Weisert. 83 
X-ray spectrographic analysis has replaced wet chemistry techniques for routine 
determinations of difficult-to-handle elements. Analysis is accurate, rapid and in 
expensive. (S 11) 

Better Barrel Finishing With Improved Abrasives, by William E. Brandt.......... eetinees ae 


The new fused chips and bonded shapes of aluminum oxide and the wide variety of 
chemical additives available have made tumbling a precise method of cleaning and 
finishing metal components. (L 10) 


Precision Measurements of Force, by Arthur C. Ruge ................... 
Strain gage dynamometers have been adopted by the National Bureau of Standards for 
calibration of loads and forces too large to be handled by proving rings. (Q general, 

S general) 
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Thermalloy 


radiant tubes 


Give Longer Service Life 


CENTRIFUGALLY CAST 
to insure uniform wall thickness 


PRESSURE TESTED 
to assure freedom trom leakage 


X-RAY CONTROLLED 
to guarantee soundness 


Thermalloy Radiant Tubes assure you of maximum economy and 
minimum maintenance in your heat-treat operations. Here's why! 
Our engineers specify the correct Thermalloy high-heat-resistant 
alloy for your particular application, Tube sections are centrifugally 
cast to your specific diameters to insure greater density, finer 

grain structure and uniform wall thickness. 

X-ray technicians control the soundness of tube sections and 
finished assemblies are pressure tested. As a result, you are assured 
of radiant tube assemblies that are free of leaks . . . that last longer 
without cracking, warping or sagging. 

Whatever your needs in radiant tube assemblies or other heat-treat 
equipment, call your nearest Electro-Alloys representative. 

He will show you the operating economy you can realize with 
Thermalloy castings. Or, write Electro-Alloys Division, 7037 
Taylor Street, Elyria, Ohio. *Registered U. S. Pat. Off. 


AMERICAN 


ELECTRO-ALLOYS DIVISION 


Elyria, Ohio 
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Enhanced Properties in 17-7 Stainless, by M. W. Marshall, D. C. Perry and N. R. Harpster 4 
High strength-weight properties of 17-7 stainless steel with aluminum, hardened 
partially by martensitic transformation at — 100° F. and further by aging at 950° F., 
are very useful for aircraft and missile parts working up to 800° F. Brazed honeycomb 
structures readily lend themselves to this heat treatment. (] 26, | 27, SS) 


Control of Controlled Atmosphere, by D. J. Schwalm....... 99 
Measurement of the carburizing potential of furnace atmos hte is more accurate if 
infrared analysis of carbon dioxide is used instead of dew point determinations. 

(J 2, S 18) 

Development of Arc-Cast Molybdenum, by Alvin J. Herzig... .... 103 

Molybdenum-base alloys have become commercially available ‘ier a long ond often 


discouraging program of development of the necessary equipment and techniques. 
(C 25, Mo) 


Atomic Age 
Frontiers of Atomic 


George C. Manov, technical assistant to A.E.C. Commissioner Willard F. Libby, talks 
about “atomic glue” and what it means to our threshold of discovery. 


80 


Book Review 
Modern Theories of Physical Metallurgy, by R. W. Lindsay .......... 91 


New editions of “Electrons, Atoms, Metals and Alloys” by Sunes Sather onl “The 
structure of Metals and Alloys” by Hume-Rothery and Raynor explain the theory of 


metallic structure and behavior. 


Data Sheet 
Armco 17-7 PH Stainless — Design Strengths for Elevated Temperature... ' 96-B 


Superior properties are obtained with two new heat treatments described in 1 the article 


by Marshall, Perry and Harpster starting on p. 94. 
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cause eof on ished 


The ammonia you use for metal treating can add to your 
profits—or reduce them! Impurities like oil or moisture may 
cause discolorations that land finished work in the salvage 
box. They are also a common cause of poisoned catalysts 
and other costly dissociator troubles. 

Barrett Brand Anhydrous Ammonia, Refrigeration Grade, 
protects your profits and production schedules because it's 
at least 99.98% PURE, DRY ammonia. And each cylinder is 
Dept. CA 2-162 


40 Rector Street, New York 6, N.Y. 


double tested to make sure this high standard is maintained. 

Barrett Brand Anhydrous Ammonia is stocked in 150, 100 
or 50-lb. cylinders by distributors from coast to coast. Tank 
car or tank truck lots are available from Nitrogen Division's 
plants and bulk terminals at strategic locations. 

Write for a list of Barrett Brand Anhydrous Ammonia 
distributors or for any technical assistance on the use of 
ammonia in metal treating. 


Ethanoclamines + Ethylene Oxide + Ethylene Giycols + Urea+ Formaidenhyde+U. F. Concen- 
trate—65 + Anhydrous Ammonias Ammonia Liquors Ammonium Sulfate «Sodium Nitrate 
* Methanol + Nitrogen Solutions Nitrogen Tetroxide «+ Fertilizers & Feed Supplements 
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Ae wae saying... 


EMPUS FUGIT — or something that 

sounds like it, as I grabbed my 
pen to rip off a few lines to my 
small but select coterie of under- 
standing readers. These “flies in 
time” caught me up quick when I 
realized that just a year ago some 
250 ASMers and their wives were 
seeing the sights of Europe and en- 
joying a hospitality such as we had 
never before experienced. The Met- 
allurgical Societies Meeting in Eu- 
rope was really the high-water mark 
of a flood of educational and mem- 
orable experiences. 

I had one at least —the unusual 
experience of collapsing in a hotel 
lift, and riding via ambulance to the 

American Hospital in “Gay Paree” for a three-week sojourn. However, 
due to the careful and attentive care of “ze glorious French nurses” (they 
also had doctors at this hospital) I was soon convalescing on the Riviera 
where more epidermis is exposed to the actinic rays of the glorious 
Mediterranean sun than any place else on earth, except Bikini. Now, no 
matter where I go, poate 2 takes one look and exclaims, “Bill, what 
happened to you? You never looked so well.” The only answer I can 
give is “I live right.” 

I had a very enjoyable experience the other day when I had dinner 
with General Alfred M. Gruenther, Supreme Commander of NATO. 


After dinner he told me about the proposed changes in the purposes of 
NATO and what we might 1 in the future from that organization, 


He was very informative and I hope the 1642 other diners at the 
American Iron & Steel Institute annual dinner enjoyed it as much as I. 
I sure was proud of ASM’s Bob Lynch, past chairman of the Georgia 
Chapter, and president of the Atlantic Steel Co., both when he addressed 
the meeting and when he sat at the speakers’ table with the top brass 
no, not brass — top steel men. 

Here's another experience that gave me a real boost (not boot). The 
room telephone rang, and on my “Hello”, President Schaefer spoke as 
follows: “Mr. Secretary, as chairman of a committee of the five immediate 
past presidents of the American Society for Metals, whose responsibility 
it is to nominate a secretary for the Society, I wish to notify you that 
you have been nominated for the 20th consecutive two-year term to be 
secretary of the ASM. Will you accept?” I answered, “Thank you, Mr. 
President, but first may I ask a few questions: Is the ASM a going 
organization?” “It sure is,” said Pres. A.O.S., “and it’s sure going places.” 
Then I inquired, “How large is this Society?” Answer: “ASM has more 
than 26,000 members and 97 chapters.” Just one more question, “Mr. 
President, what is its financial condition?” His reply swept away all 
doubts: “Why, we could pay your salary for the next forty years all in 
one lump and never miss it.” 

So what could I do? I said, “Mr. President, ordinarily I am a secretary 
of few words, but you've talked me into the job. I accept the nomination, 
and if I'm elected by the membership at the annual meeting in October 
I'll give my best.” 

Cordially yours, 


W. H. E1tsenman, Secretary 
AMERICAN Society ror METALS 
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Solventol Helps Solve Plant Layout Problems 


to tic 


how 


You can see 
material movements for greater efhciency 


ing machine 


Solventol service to metal cleaning goes beyond 


high quality cleaning compounds and highly 


efhcient metal cleaning equipment 


This Solventol service is typical of what you 


Solventol offers scale models so you can get when Solventol’s metal cleaning compounds 


Now, 


b in your plant 


Call Solventol for Metal Cleaning Service 


and equipment are on the jo 


visualize the size and floor 
space requirements for Solventol’s metal clean- 


more effectively 


Detroit 3, Michigan 


SOLVENTOL CHEMICAL PRODUCTS, INC. 
15841 Second Boulevard 
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Due to Stokes vacuum lock design, operators can manipulate the melt during the heat without releasing 
vacuum. Furnace is used for production of special alloys at Cannon-Muskegon Corporation, Muskegon, Mic/ 


The metals industry is profiting from 
the use of other STOKES production equipment 


Vacuum Metallizers. Scokes offers a com- Powder Metal Presses. Cost savings and Vacuum Pumps. For rapid evacuation and 
plete line of vacuum metallizing equip- the compacting of incompatible alloys holding high vacuums, Stokes offers 
ment to plate metals for improved surface have made powder metallurgy an accepted mechanical pumps, and “Ring-Jet’’ oil 
finish also to provide conductive process. Stokes offers the most complete vapor diffusion and booster pumps. New 
coatings on non-conductive materials line of presses in the industry design affords 10 to 100% greater speeds 
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high temperature alloys 


vacuum melted 


in Stokes furnace 


Another example of how Stokes vacuum furnaces aid industrial 
utilization of the new technology of vacuum metallurgy. 


Fo the hot components of leading types of 
jet engines, Cannon-Muskegon produces a 
line of special vacuum melted alloys. Engineered 
primarily for high temperature service, these 
alloys are supplied as ingots and billets for in- 
vestment casting. 


A Stokes Vacuum Furnace provides perform- 
ance to the exacting specifications required for 
this work. Its design is the resule of close 
cooperation between Cannon-Muskegon and 
Stokes engineers. The furnace has a capacity of 
500-pounds per heat. 


In the words of George W. Cannon, Jr., com- 
pany president, “The equipment has performed 
in accordance with our specifications ...a leak 
rate of 8 microns per hour...and permits 


Reference Data: 


Microvac Pumps—Catalog 750 

Diffusion and Booster Pumps 
Specification and performance data 

Story of the Ring-Jet Pump 

How to Care for Your Vacuurn Pump— 
Booklet 755 

Vacuum Furnaces—Catalog 790 

Vacuum Metallizing—Catalog 780 

Vacuum Calculator Slide Rule 

Powder Metallurgy Today 

Powder Metal Presses—Catalog 810 


pouring of vacuum alloys at pressures less than 
10 microns.” 


If you are planning to explore the interesting 
potential of modern vacuum metallurgy, plan, 
too, to take advantage of the undisputed 
leadership in equipment and experience which 
Stokes can apply to your problem. Prime sup 
plier of vacuum furnaces for production use, 
Stokes incorporates the features you need for 
simplified operation and dependable service 
With the Stokes vacuum lock, you can make 
multiple melts and manipulate the melt without 
breaking the vacuum. High capacity pumping 
systems, combining new Stokes Ring -Jet Booster 
Pumps and rugged Microvac roughing pumps 
provide fast evacuation and dependable holding 
of desired vacuum. 


A Stokes engineer will be glad to consult on 
your specific application, help you select the 
most suitable of the many basic Stokes designs 
for your work, and engineer modifications to 
your special requirements. For technical data, 
write for Stokes Catalog No. 790, “High 
Vacuum Furnaces.”’ 


F. J. STOKES MACHINE COMPANY, 
Vacuum Furnace Division, 5906 Tabor Road, 
Philadelphia 20, Pa 
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Giants, too, heated 
without distortion 


Westinghouse pressurized furnaces 
keep 30-ft forgings “straight as an arrow’’ 
at U.S. Steel 


Three large, Westinghouse pit-type furnaces at U. S. Steel's Homestead 
Works are built to pamper giant forgings. This turbine rotor, for example, 
lifts out straight and true at 1830°F. During eight hours of soaking heat 
the temperature along its 30-foot length never varied as much as 10°F. 
Distortion was never a problem because of Westinghouse temperature 
control and positive pressure furnace design. 

In this design even heating is assured through back pressure control of 
combustion gases. With positive pressure in the furnace any air leakage 
is always outward. Thus localized chilling of the work is prevented. The 
furnace is tangentially fired by means of spirally located burners and is 
equipped with 3 zones of automatic temperature control. Since the products 
of combustion are sucked out from the bottom of the furnace, heat currents 
make two passes the full length of the work...once upward, once downward. 

In Westinghouse experience with gas, electric, or induction heating 
equipment, we have undoubtedly solved a problem like yours. You can 
be sure of our broad experience by calling your local Westinghouse indus- 
trial heating engineer today or write Westinghouse Electric Corporation, 
Industrial Heating Division, Meadville, Pa. j-10451 


WATCH WESTINGHOUSE! 


WHERE BIG THINGS ARE HAPPENING TODAY! 


| 
bind Positive pressure in West- | 


inghouse pit furnaces is 
controlled by the motor- 
S. ized damper (A) in the flue 
eal exhausting combustion 
products. Furnace controls 
ore grouped for single 
operato: supervision of 
f thermocouple readings, 
} furnace pressure control, 
combustion air blower (B) 


and air-fuel mixture. 


W. E. Collar* reports .. . 


Facts to lick your 

distortion problem 
Unusual facilities and experience at 
Westinghouse have enabled us to 
jump years of trial-and-error methods 
in engineering furnaces and induc- 
tion heating equipment to prevent 
distortion. We're constantly after bet- 
ter ways to gain temperature uni- 
formity in metal processing equip- 
ment. This is necessary not only to 
prevent distortion but also to obtain 
desired metallurgical properties. 


On special problems, our equip- 
ment design engineers have the ad- 
vantage of facts gained through 
Westinghouse metallurgical research 
activities. Production testing of equip- 
ment design and engineering is 
carried out by our Materials Manufac- 
turing Division at Blairsville, Penna. 
These activities back up our long ex- 
perience in gaining accurate heat dis- 
tribution for positive temperature 
uniformity. 


The results can be seen in a West- 
inghouse furnace used for the air 
tempering of rotors for atomic equip- 
ment. Accurate heat control designed 
into this electrically heated furnace 
meets demanding requirements for 
distortion-free work. 


Another case in point is the work 
on distortion problems under way in 
our induction heating laboratory. 
Here equipment is being developed 
for distortionless hardening of auto- 
motive axles, 


The teamwork that solved these ap- 
plication problems is your assurance 
of getting the latest in engineering 
development and the finest equip- 
ment for all your metal processing 
needs. 


*Manager, Industrial Heating Dept. 


The Westinghouse 
Heat-Treating Family 
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BRAND NEW-MODERN ELECTRIC ELEMENT 


This shows graphically how the new Lindberg CORRTHERM 
electric heating element actually fills the furnace with walls of 
glowing heat. Note also that CORRTHERM is conveniently hung 


In continuous type furnaces CORRTHERM 
elements hang between lines of work as 
well as on side walls. Note how closer cor- 
rugations (at each end of element) compen- 
sate for incoming cold work and door losses. 


CORRTHERM elements act as natural baf- 
fles to direct forced convection streams 
through the charge. The use of electric fur- 
naces for carburizing and carbonitriding 
now becomes completely practical. 


from simple brackets requiring no complicated connections or 
construction. This element operates at extremely low voltage, 
eliminating shock or short hazards. 


No retort needed in pit-type carburizing 
furnace with CORRTHERM elements. Again 
see how elements serve as boffles to direct 
forced convection stream through charge. 
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FOR LINDBERG FURNACES 


Never before has there been an electric heating element like this 
CORRTHERM by Lindberg. Its revolutionary advantages now make 
the use of electricity as the source of heat, practical, efficient and eco: 
nomical for all heat treating processes. 


Ideal for use in any electric heat treating furnace, CORRTHERM 
elements have particular advantages for carburizing and carbonitriding. 
This new element completely eliminates problems formerly created by 
the use of electricity in these types of furnaces. These exclusive ad- 
vantages of CORRTHERM explain how and why: 


LOW VOLTAGE: Operates at extremely low voltage. No leakage 
through carbon saturation. Around Lindberg we talk about it as the 
electric element “without any electricity ... to speak of!” 


ATMOSPHERE CIRCULATION: Elements act as baffles to direct circu- 
lation of convection streams. 


SAFETY: Extremely low voltage also eliminates shock or short hazards. 


DURABILITY: Watts density at all-time low. Element practically inde- 
structible. Work load or operator’s charging tool can’t hurt it. 


EASILY INSTALLED: Element is not enclosed, just hangs in furnace. 
No complicated mountings required. 


If electricity is the preferable source of heat for your metal treating 
processes find out how advantageously CORRTHERM elements can 
be applied to your requirements. Just get in touch with your nearest 
Lindberg Field Representative. (Consult your classified phone book.) 


LINOBERG 


LINDBERG ENGINEERING COMPANY 
2448 West Hubbard Street, Chicago 12, Illinois 


Los Angeles Plant: 11937 South Regentview Avenve, at Downey, California 
Associate Companies: Lindberg industrial Corporation, Chicago EFCO-Lindberg, Lid, Montreal, Conode 
Lindberg Italiana, Milan, Italy + The Electric Furnoce Company, lid., Weybridge, Surrey, England 

Etablissements Jean Aubé, Poris, Fronce + Lindberg Industrie Ofenbov, Gross Avheim, Germany 


Sofety! Extremely low voltage mokes 
CORRTHERM elements completely sofe. Let 
operator or work load bang it if they will. 
Neither element nor operator will be hurt. 


CORRTHERM elements ore large sheets of cor- 
rugated nickel chromium. They were developed 
in Lindberg laboratories by Lindberg metol- 
lurgists and engineers. 


This shows installation of CORRTHERM elements 
in one of two large rotary furnaces currently be- 
ing erected in the field by Lindberg'’s associate 
company, Lindberg industrial Corporation. 


An installation of CORRTHERM elements in a cor- 
burizing pit-type furnace. Simplicity of mount- 
ing makes replacement easy and economical. 
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NOW 


production patterns illustrated above. 
This lets you buy only the induction 
heating features you need for your partic- 
ular production pattern. 

In any one of the four ratings —7!4-, 15-, 
25-, 40-kw--you can choose a model to 
match your production pattern: 

FOR HEATING SMALL AREAS the built-in 
output transformer is recommended. This 
feature enables you to couple power at 
maximum efficiency into a wide variety 
of low-impedance inductor coils. 

FOR HEATING LARGER AREAS the 
tapped tank coil is recommended. The 
tap-adjustment feature lets you couple 


the heater power into a wide variety of 
high-impedance inductor coils. 


FOR JOB-LOT PRODUCTION OF A WIDE 
VARIETY OF PARTS, variable power ad- 
justment is recommended. Grid control 
of thyratron tubes permits manual ad- 
justment of power under load from 0 to 
100 per cent. 


FOR HIGH-VOLUME PRODUCTION, IN 
WHICH YOU DO NOT HAVE RAPID 
CYCLING, the variable power adjust- 
ment feature is not needed. In these 
applications, the heater is adjusted ini- 
tially to heat a specific part. No further 
adjustment is necessary until you change 
to a different part. 


NEW INDUCTION HEATERS MATCH 


You get maximum induction heater per- 
formance at minimum investment cost 
when you choose one of General Electric's 
new electronic induction heater models. 
Each model is tailored to one of the basic 


Features in any of the four ratings can 
be combined in the following fashion: 
Output Tapped 
Thyra- Trans- Tank 

Model tron former Coil 

4HM LI x x 

4HM L2 x 

4HM L3 x x 

4HM L4 

Your nearby G-E Heating Specialist will 

help you choose the model best suited to 

your production pattern. You'll be paying 

only for those induction heater features 

you will use in your operation. 

For specific bulletin information about 

these new induction heaters send in the 

coupon at the right. 


GENERAL @@ ELECTRIC 


AV AV AY AV AV AV AV AV AY AV AW AV AV AV 
f 


G.E. 

Gives You 
All These 
Features 


— and 
More! 


DESIGN FEATURES 


High KVA Oscillator 


Built-in Water-to-air Heat Exchanger 


Readily Accessible for Maintenance 


Four Models in Each Rating 


Totolly enclosed Aluminum Oscillator Box 


Dust-tight Cabinet Construction 


Industrial-type Oscillator Tubes 


Filament Voltage Regulation of * 3% 


Water Flow Switch to Protect Oscillator Tube 


Three Instruments on Control Panel 


FREE BULLETIN 
Section 0722-4 


General Electric Compeny 
Schenectady 5, New York 


Please send me « copy of your bulletin 
“New G-E Electronic induction Heeters’’ 
GEA-6388. 


Nome 

Compeny 

Street 

City State 
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Whatever your furnace 


needs for control— 


There’s good reason why more heat-treating 
furnaces everywhere are controlled by Brown 
instruments. First, of course, is performance . . . 
sensitive, precise control that meets the most 
exacting requirements of modern heat-treating 
techniques. And equally important is versa- 
tility. In this varied line of instrumentation 
you'll find just about everything a furnace 
could possibly need in the way of control. 


Choose ElectroniK Strip Chart Controllers for de- 

tailed, long-term records .. . and a selection of 

control formas including electric systems of the con- 
tact, position-propor- 
tioning (Electr-O-Line) 
and time-proportioning 
(Electr-O-Pulse) types; 
and pneumatic control 
from two-position to full 
proportional-plus-reset- 
plus-rate action. 


Choose ElectroniK Circular Chart Controllers for ease 
of scale reading . . . con- 
venient daily charts; in 
a full range of electric 
and pneumatic control 
forms. 


Note: the basic compo- 
nents of all ElectroniK 
models are interchange- 
able ... to simplify and 
speed up service. 


Choose ElectroniK Circular Scale Controllers where 
you want readability 
and control check at ex- 


. treme distance . . . with- 
out need for a record. 
Supplied with all con- 
tact and proportional 
types of electric control. 
Note: all ElectroniK 
models are available in 


both Standard and Pre- 
cision Series. 


Choose Pyr-O-Vane Controllers where you don’t 
need a record but do 
need precise vane type 


r snap action electric con- 
== trol by a millivoltmeter 
: instrument... also avail- 
fe able with pulse-type 
time proportioning 


action, in both vertical 
and horizontal models 


Choose the Protect-O-Vane Safety Cut-Off for simple, 
dependable excess temper- 
ature protection ... can be used 
with any temperature control 
to prevent furnace shut downs 
and loss of production. 


And... for all your pyrometer 
supplies, investigate the con- 
venience and economy advan- 
tages of the HSM Plan. 


Investment 


casting molds 


preheated 


precisely 


...in “Surtace” 


Honeywell 


Bulletin B43-1 is a 
hand y reference 

lists specifications and 
prices for all 
Electronik 

control 

instruments, 
Pyr-O-Vane 
millivolt meter 
pyrometers, Brown 
thermometers, and 
associated safety 
equipment, valves and 
accessories. Write for 
your copy today. 
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Pyr-O-Vane Controllers reg- 
ulate zone temperatures in 
roller-type furnace for pre- 
heating investment molds. 


Limit TEMP ORLY 


furnace with Pyr-O-Vane control 


RWOOD PRECISION CASTING COMPANY, of Los 
Angeles, makes a specialty of close-tolerance 
investment casting of scores of intricately shaped 
parts. Preheating of the molds, during which time 
wax is burned out, is a phase of processing essential 
to precision in the finished product. 


Overall precision of control guarantees that molds 
are held to the close tolerances required by the in- 
vestment process. And these tolerances are held at 
production rates of a tray of molds every 20 minutes. 


Whatever your heat-using application, you can rely 
on the proved accuracy and dependability of Brown 


To get the needed combination of accuracy and pro- 
duction capacity the company performs the preheat 
operation in a big Surface Combustion furnace, sup- 
plied by Natural Gas Equipment, Inc. of Pasadena. 
The pusher-type gas furnace is 30 feet long, and 
has four progressive temperature zones. A Pyr-O- 


instruments to give you top performance at eco 
nomical cost. A complete line of measuring and con 
trolling instrumentation is available. For a discussion 
of your specific requirements, call your local Honey- 
well sales engineer .. . as near to you as your phone. 
MINNEAPOLIS-HONEYWELL ReGuLaTor Co., Indus 


Vane millivoltmeter instrument controls each zone 
independently, at temperatures from 200 to 1600 F. 


trial Division, Wayne and Windrim Avenues, Phila 
delphia 44, Pa.—in Canada, Toronto 17, Ontario 


Honeywell 


@ REFERENCE DATA: Write for Catalog 643-1, “Furnace and Oven Controls.” 
BROWN INSTRUMENTS 


Fats Coitiols 
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SPECIAL REPORTS ON 


FINISHING NON-FERROUS METALS 


NUMBER I—Decorative, 


Corrosion-Resistant Finishing 
with Iridite 


Chromate conversion coatings are well known and accepted 
throughout industry as an economical means of providing 
corrosion protection, a decorative finish or a good paint base 
for non-ferrous metals. However, continued developments are 
so rapid and widespread that many manufacturers may not 
be completely aware of the breadth of application of this type 
of finish. Hence, this digest of current information; to bring 
you up to date on the many ways in which you can combine 
salable appearance with durability in one finish at a com- 
petitive price advantage. Report II on paint base, corrosion- 
resistant finishes and Report III on chemically polished, 
corrosion-resistant finishes are available on request. 


First, as a basis for this discussion, a “‘decorative’”’ finish is 
considered as any chromate film that is used as a final finish 
in itself. It may be truly decorative in that its sole purpose 
is to enhance the beauty of the product. For example, a 
bright chrome-like finish or a pleasing bronze appearance are 
among the many effects that can be obtained. It may be 
functionally decorative in that it reduces reflectivity for 
camouflage purposes or provides a means of color-coding 
parts. But, in all cases, the Iridite films protect the metal 
against corrosive attack. 


Iridite finishes are now available for all commercial forms of 
the more commonly used non-ferrous metals, including zinc, 
cadmium, aluminum, magnesium, silver, copper, brass and 
bronze. These films can produce a wide variety of pleasing 
appearances. The basic colors of the Iridite coatings are 
grouped below by metals. 


ZINC and CADMIUM: Metallic bright, light iridescent, 
iridescent yellow, bronze, olive drab. 


COPPER, BRASS, BRONZE: Metallic bright, yellow. 
ALUMINUM ALLOYS: Clear, iridescent yellow, brown. 


MAGNESIUM ALLOYS: Metallic bright, iridescent 
yellow-red, brown. 


SILVER: Metallic bright. 


In addition, many films can be modified by bleaching or by 
dyeing. Among the dye colors available are various shades of 
red, yellow, green, blue or black. 


Depending upon the metal and the Iridite used, corrosion 
resistance of clear and bright films ranges from mild passivity 
to as high as 500 hours in salt-spray; on heavier dark films, 
salt-spray resistance ranges from approximately 100 to 1000 
hours. 


It is this combination of decorative and corrosion resistant 
properties that accounts for the widening use of Iridite finishes. 
For example, Iridites #4-73 and #4-75 (Cast-Zinc-Brite) 
make possible for the first time, a combination of lustrous 
chemical polishing of the as-cast surface of zinc die castings 
and good resistance to corrosion, Further, in many cases, 
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® 
WHAT IS IRIDITE? 


Briefly, Iridite is the tradename for a specialized line 
of chromate conversion finishes. They are generally 
applied by dip, some by brush or spray, at or near 
room temperature, with automatic equipment or 
manval finishing facilities. During application, a 
chemical reaction occurs that produces a thin (.00002” 
max.) gel-like, complex chromate film of a non- 
porous nature on the surface of the metal. This film 
is an integral part of the metal itself, thus cannot 
flake, chip or peel. No special equipment, exhaust 
systems or specially trained personnel are required. 


sizeable savings in the cost of buffing and electroplating are 
realized. 


On many steel parts, a simple system of zinc or cadmium 
plate and bright Iridite is used instead of more costly electro- 
plated finishes to provide a bright, decorative and protective 


finish with tremendous savings in material, equipment and 
labor. 


In finishing aluminum, where corrosion resistance or paint 
adherence is the prime consideration, the aircraft industry 
has all but abandoned the anodizing process in favor of 
recently developed chromate conversion coatings, among them 
Iridite #14 and #14-2 (Al-Coat). These formulations and 
their method of application can be varied to retain the original 
metallic appearance while providing acceptable corrosion re- 
sistance, or to produce a fully colored brown finish that 
offers exceptional corrosion protection. Again, time and man- 
power savings are astounding—one company saved at least 
$15,000 a year on maintenance of racks alone and another 
$40,000 on materials and labor in only nine months. In addi- 
tion, of course, hundreds of thousands of dollars are saved by 
eliminating the need for expenditures for generators, heating 
equipment and racks. 


Iridites are widely approved under both Armed Services and 
industrial specifications because of performance, low cost and 
savings of materials and equipment. 


In planning or designing, you should consider the many other 
characteristics of Iridite finishes which may enter into the 
specific problem. In addition to having decorative and pro- 
tective functions, these chromate coatings form an excellent 
base for organic finishes and bonding compounds. They have 
low electrical resistance. Some can be soldered and welded. 
The Iridite film itself does not affect the dimensional stability 
of close tolerance parts. 


You can see then, that with the many factors to be con- 
sidered, selection of the Iridite best suited to your product 
requires the services of a specialist. That’s why Allied main- 
tains a staff of competent Field Engineers—to help you 
select the Iridite to make your installation most efficient in 
improving the quality of your product. You'll find your 
Allied Field Engineer listed under “Plating Supplies’”’ in your 
classified telephone book. Or, write direct and tell us your 
problem. Complete literature and data, as well as sample 
part processing, is available. Allied Research Products, Inc., 
4004-06 E. Monument Street, Baltimore 5, Maryland. 
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SILVER 


BRAZING 
FLUXES. 


The broad variations in joint design, metals and 
methods encountered in low temperature silver braz- 
ing make it impossible to manufacture a single flux 
to act with maximum efficiency on all jobs. A large 
proportion of routine brazing work can be accom- 
plished efficiently with a general purpose flux but in 
an increasing number of instances, manufacturers 
are finding that more rapid, consistent production, 
greater economy and fewer rejects are a matter of 
record by selecting correctly from the APW line. 
Four standard APW formulae (APW1100, APW- 


1200, Deoxo and Black Flux) are available to simplify 


selective fluxing for you, to insure complete efficient 
protection in any classification of silver brazing. They 
enable the technician to key the selection of flux to 
the precise requirements of the job in production. 

A “Complete Guide To Selective Fluxing” will be 
sent you upon request. It contains complete, factual 
data that you should know. If you wish, an expert 
Silvaloy Technician will be glad to consult with you, 
at your convenience. Call the Silvaloy Distributor in 


your area or write us directly, * * * *& & & 


“STLVaLor 


EAGLE METALS COMPANY 


SEATTLE, WASH. + PORTLAND, ORF 
SPOKANE, WASH. 


PACIFIC METALS COMPANY LTD. 
SAN FRANCISCO, CALIFORNIA 
SALT LAKE CITY, UTAH 

LOS ANGELES, CALIFORNIA 
SAN DIEGO, CALIFORNIA 


EDGCOME STEEL OF NEW ENGLAND, INC 
MILFORD, CONNECTICUT 


NASHUA, NEW HAMPSHIRE 
EDGCOMB STEEL COMPANY 


STEEL SALES CORPORATION 


PHILADELPHIA, PA. - CHARLOTTE, N. C CHICAGO, ILL. + MINNEAPOLIS, MINN, 
INDIANAPOLIS, IND ANSAS 
BALTIMORE, MD. + YORK, PA OLIVER H. VAN HORN CO, INC 
KNOXVILLE, TENN NEW ORLEANS, LOUISIANA 4 , 
DETROIT, MICH. «+ ST. LOUIS, MO 
MAPES & SPROWL STEEL COMPANY FORT WORTH, TEXAS 


MILWAUFEE, WIS 


UNION, NEW JERSEY HOUSTON, TEXAS 


IF EXTRA COPIES ARE DESIRED FOR NEW YORK CiTy 
BRAZING PERSONNEL PLEASE SEND 


REQUEST ON COMPANY LETTERHEAD 


BURDETT OXYGEN COMPANY 
LICENSED CANADIAN MANUFACTURER CLEVELAND CiINCinNAT! 


BAKER PLATINUM OF CANADA, LTD COLUMBUS + AKRON + DAYTON 
TORONTO + MONTREAL YOUNGSTOWN + MANSFIELD «+ 


AMERICAN PLATINUM WORKS 


NOTTINGHAM STEEL COMPANY 


CLEVELAND, OHIO FINDLAY 


231 NEW JERSEY RAILROAD AVENUE +» NEWARK 5, NEW JERSEY 


NOW complete, 


authoritative 


records of 


hi-temp creep 


and stress- 


rupture tests 


No longer need creep and stress rupture data be incomplete 


. inadequate. The Riehle testing machine can be fur- NEW 8-page bulletin 


nished with high-temperature creep extensometer and 


Riehle-built autographic creep-time recorder. Accordingly, describes ‘‘package ‘ 


each test furnishes complete, authoritative information. 


testing machine... 
Riehle Creep and Stress-Rupture Testing instrumentation 
usually furnished with temperature controller, furnace, local 


wiring and other necessary components — fully ready to op- ».«.s accessories 


erate. Its design can accommodate a wide range of acces- 


sories and instrumentation to insure maximum versatility. 
This machine is the product of the very best in modern 
engineering technology and fabricating practice. Ay 


RIEHLE TESTING MACHINES 
Division of American Machine and Metals, Inc. 
Dept. MP-756, East Moline, Iilinois 


Please send free, your new 8-page Bulletin RR-13-56 con- 
taining full data on the “complete package” Riehle Creep 
and Stress-Rupture Testing Machine, instrumentation and 


Riehle TESTING MACHINES 


A DIVISION OF 
American Machine and Metals,In. 
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Controlled Atmosphere 
Furnace 

A new and larger model of fully 
automatic, controlled atmosphere tool 
room furnace has been announced by 
Cooley Electric Manufacturing Corp. 
It is fully automatic as to furnace 
controls, generator and temperature 


controls, as well as to the gas cur- 
tain operation. The atmosphere sys- 
tem consists of a cracking unit to 
which is fed, by means of a variable 
speed pump, a mixture of alcohol and 
water proportioned to the type of 
treatment desired. This mixture is 
cracked into gas of a controlled analy- 
sis to maintain the correct carbon 
potential for equilibrium with the 
steel being treated. 

For further information circle No. 1 
on literature request card, p. 48-B. 


Extrusion Press 

Sutton Engineering Co. has an- 
nounced a new 1250 to 1500 ton extru- 
sion press. The new unit features an 
exclusive electro-hydraulic control 
system which makes possible high- 


speed extrusion of 24-in. long alumi- 
num billets of 5 or 6 in. in diameter 
at a rate of over 50 per hour, The 
new Sutton control provides for the 
operator’s immediate selection of 
three different operating cycles: man- 
ual, automatic control for dies requir- 
ing butt shearing and automatic con- 
trol for bridge-type dies. 

For further information circle No. 2 
on literature request card, p. 48-B. 


Chemical Milling 


A complete pilot line for the chemi 
cal milling of steel and titanium has 
been announced by Turco Products, 
Inc. It consists of a series of espe- 
cially designed tanks, 
equipped with sensitive temperature 
controls. A scrubber system has also 
been designed to treat effluent gases 
from the tanks. Hundreds of intri 
cate aluminum parts have been pre- 


processing 


cision contoured by the process. It 
has been found that chemical milling 


is suited for the replacement of metal 
to-metal bonding and spot weiding of 
integral parts, where fastening fail- 
ures have often been reported in the 
past. The Chem-Mill process of metal 
forming does not appreciably impair 
the physical or mechanical properties 
of the metal, and a minimum of warp 
age is experienced in 
forgings. The number of parts that 
can be milled simultaneously is lim 
ited only by the number and capaci- 
ties of tanks employed. 


processing 


For further information circle No. 3 
on literature request card, p. 48-B. 


Laboratory-Size Gas 
Generator 

A new laboratory-size endothermic 
gas generator has been announced by 
Ipsen Industries, Inc. This electrically 


heated generator is intended for the 
small scale heat treatments usually 
required in the laboratory or tool 
Rated 
approximately 150 ¢.f.h. of 
prepared atmosphere gas, but this 


room heat treat department, 
output is 


output can be increased by approxi- 
mately 50°) when required 

For further information circle No. 4 
on literature request card, p. 48-B, 


Sheet Steel Separators 
E. V. Nielsen has announced rede- 


signed Basco sheet steel separators 
which are protected from the demag 
netizing influence of metal and meta! 
dust particles by a non-magnetic case 
Other features are a reinforced alumi 
num frame, with a molded handle for 
ease and convenience in moving the 
units to different jobs. The base of 
the unit has been designed so that it 
may be clamped to the work surface 


mevw products 
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Piasecki Helicopter 


Sun’s Heavy Duty Emulsifying Cutting Oil 
excels on high-alloy aircraft steels 


S.E.C.O. Heavy Duty handles all machining jobs requiring 
an emulsifying cutting oil. Piasecki Helicopter’s large job WRITE FOR 
shop at Morton, Pa., found this out three vears ago when FREE TECHNICAL INFORMATION 
S.E.C.O. HD* replaced two expensive heavy-duty soluble 
oils in machining fan hubs. 
Extremely versatile and moderately priced, S.E.C.0. HD © Disposal of Waste Emulsions 
has been doing an exceptional job in cutting a variety of © New Improved S.E.C.O. 
high-alloy aircraft steels for Piasecki. @ S.E.C.O.—Mixing Instructions 
For more information about S.E.C.0. HD, see your Sun @ S.E.C.O. HD 
representative. Or write to Sun Or, Company, Philadelphia 
3, Pa., Dept. MP-7. 


® Cutting and Grinding Facts 


INDUSTRIAL PRODUCTS DEPARTMENT 


SUN OIL COMPANY 


Philadelphia 3, Pa. © SUN O11 Co. 
IN CANADA: SUN OIL COMPANY LIMITED, TORONTO AND MONTREAL 


* TRADE. MARK 
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or held securely by bolts through the 
holes in the base. Stainless steel wear 
strips, bolts and cap nuts are used 
throughout to avoid shunting of the 
magnetic field. The separators are 
permanent magnet units that induce 
a magnetic field in stacked sheet steel 
when the unit is placed at the front 
or side of the stack. The magnetic 
field created causes the steel sheets to 
repel each other, with the top sheets 
fanning out with air space between 
them. As the top sheets are removed, 
the sheets below automatically move 
up, with this action repeating to the 
bottom of the stack. 


For further information circle No. 5 
on literature request card, p. 48-B. 


Electric Furnace 

Lucifer Furnaces has announced a 
new combination hardening and draw- 
ing furnace. Two furnaces, one above 
the other, have independent controls 


and occupy the floor space of one 
unit. The hardening furnace is avail- 
able to 2000 or 2300° F. and the 
drawing furnace to 800° F. Quench 
tank is included with all but the 
largest standard models. 

For further information circle No. 6 
on literature request card, p. 48-B. 


Testing Machine 

An automatic testing machine for 
maintaining a_ fixed extension or 
strain when testing at elevated tem- 


peratures has been announced by 
Tinius Olsen Testing Machine Co. 
This automatic relaxation tester oper- 
ates on a principle directly opposite 
to that of the more familiar creep 
tester. The specimen is inserted in a 
circular testing furnace mounted 
between the crossheads. This electric 
furnace can be used for testing at 
any temperature up to 1800 to 2000° 
F. with temperatures controlled by 
a separate unit adjacent to the 
machine. To perform the test, a pre- 
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determined extension (in inches per 
inch) is selected, and the machine 
started at the desired loading speed. 
Load is applied to the specimen until 
the fixed extension is attained. As 
the specimen tends to strain further 
under the influence of increasing tem 
perature and load, the amount of load 
is automatically reduced to maintain 
the fixed extension. All variations of 
the test are recorded by the XY elec- 
tronic recorder mounted in the face 
of the machine. 


For further information circle No. 7 
on literature request card, p. 48-B. 


X-Ray Film 

A new industrial X-ray film which 
retains fine sensitivity with greatly 
reduced exposure has been announced 
by the Eastman Kodak Co. The new 
Type AA has been developed to pro- 
vide new versatility in working with 
all types of X-ray machines and 
gamma ray sources. Film speed 
ranges from approximately 1.3 to 
more than 2 times that of the widely 
used Type A film. 
For further information cirele No. 8 
on literature request card, p. 48-B. 


Bar Stock Marker 


To meet the need of the medium 
and small machine shops, Marking 
Machine Co. has announced a machine 
for pre-marking steel, brass or alumi 
num bar stock before loading in auto 
matic screw machines. The bar stock 


marker permanently marks one side 
or opposite sides of the stock simul 
taneously. The only adjustment re 
quired is made by turning the handle 
on top of the unit to raise or lower 


FOR ALL 
HEAT-DEPENDENT 


Sixty-three different com- 
positions enable you to 
determine and control 
working temperatures 
from 113° to 2000° F. 
TEMPILSTIK® marks on 
workpiece “say when” by 
melting at stated tempera- 
tures—plus or minus 1%. 


also available in 
pellet and liquid form 


Tempil “Basic 
F F Guide to Ferrous 
Metallurgy” — 


a16'4"x«21" plastic-laminated 
wall chart in color. 


Send for sample pellets, stating 
temperatures of interest to you. 


CLAUD S. GORDON CO. 


Manufacturers + Engineers + Distributors 


613 West 30th &., Chicago 16, 
2021 Hamilton Ave., Cleveland 14, O. 
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TWO 
GREAT 
NAMES 


Teamed For Quality...Service...Progress 


Two steelmakers, each known for its achieve- 
ments in its own particular field of producing 
forged and annular rolled products are now 
combined to supply requirements of the largest 
and smallest. Two groups of production and 
research engineers are joined to better serve 
American industry. The new company is a 
totally owned subsidiary of Heppenstall and 
will operate independently. Each company will 
continue to offer American industry the custom 
made products for which it is famous. 


“ea 


HEPPENSTALL 


4 
_NICETOWN 


PHILADELPHIA 40, PA. 


= 
A SUBSIDIARY Wi OF HEPPENSTALL COMPANY 


the rolls for various bar sizes. It will 
mark any stock from % to 3 in., 
round or hexagonal. 


For further information circle No. 9 
on literature request card, p. 48-B. 


MARTINDALE 


ROTARY BURS AND FILES 


Made of high-speed steel. Produced in our 
own factory where uniform hardness is assured 


Heat Treating Furnace 

The L & L Manufacturing Co. has 
announced a new furnace designed 
for many critical temperature heat 
treating 


by heat-treating in electric furnaces on which 
the temperature is closely controlled by 


electric eyes 
where furnace y 
gradients must be controlled closely 


The interior dimensions of this fur 


operations 


Over 200 sizes and shapes (total over 75,000 
pieces) are carried in stock for immediate 
shipme nt 


MOTOR-FLEX UNITS 
Martindale Motor 
Flex Units are made 
in 7 Models — 24 
nace are 24 in. wide by 24 in. from Combinetions. They 
POWER hearth to roof and 72 in. long. There 
input to each is controlled by an input 
Atomic power, we feel, offers controller which may be set 


outstanding opportunity for an 7 to 100% 
engineer or scientist to grow 


vary from 1/10 to 
HP. with vari 
ous motor speeds 
Available in bench, 
pedestal or over 
of input in increments heed suspension 


are six zones in the furnace and the 


from 


professionally. It’s new enough 
so that the work is challenging; 
still it’s well enough established 
so that a capable man can make 
real progress. 

If you are interested in a 
non-routine position that will 
use all of your education and 
experience, we suggest you in- 
vestigate the future with the 


of 1, giving precise control over the 
rate of heating in that zone. 


For further information circle No. 10 
on literature request card, p. 48-B. 


Forgings 
This crankshaft was forged at Erie 
Forge & Steel Corp. from a 72 in. 


types 
Complete line of attachments. 


METAL-WORKING SAWS 


leader in Atomic Power. At 
Bettis Plant, there are select 
positions open for specially 
qualified: 


PHYSICISTS 

MATHEMATICIANS 

e METALLURGISTS 

ENGINEERS 

Write for the booklet ‘“Tomor- 
row’s Opportunity TODAY” 
that describes opportunities in 


your field. Be sure to indicate 
your specific interests. 


diameter mecium carbon steel ingot 


Made of 18-4-1 High Speed Stee! in 4 types 
for Screw-Slotting, Metal-Slitting, Copper 
Slitting and other cutting operations on both 
ferrous and non-ferrous metals 


Write: Mr. A. M. Johnston weighing 210,000 lb. The weight of 
Dept. A-40 the rough forging was 108,460 Ib., 
Westinghouse Bettis Plant slab size 34% in. by 23 in. by 45 ft. 
P. O. Box 1468 It was machined to 46,000 |b. finished 


Pittsburgh 30, Penna. weight. 
Send for new 64-page catalog No. 30 


BETTIS PLANT covering these and many other items 


o Barrel Deburring for maintenance, safety and produc- 
Westinghouse An alkaline material designed for tion. 


FIRST IN ATOMIC POWER Prod MARTINDALE ELECTRIC CO. 


has been announced by Oakite Prod 
1372 Hird Avenve Cleveland 7, Obie 


Diameters range from 1%" to 4° and stock 
tools are made with various numbers of teeth 
and in a wide variety of thicknesses. 


For further information circle No. 11 
on literature request card, p. 48-B. 


ucts, Inc. FM 183 combines a fine, 
fast-cutting 


abrasive with surface 


active agents designed to keep media 
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... report on 

“HOT RODS” in 

intermittent 
service 


Many plants report Norton “Hot 
Rods” outlast other non-metallic ele- 
ments by a considerable margin. Here’s 
a case where they’re lasting twice as long 

in gruelling intermittent service. 

This means big savings in element 
costs alone. You also save maintenance 
expense, due to less frequent changing 
of elements and voltage taps. And you 
don’t have to shut down the furnace to 
replace elements. 

Also, “Hot Rods” heat more uni- 
formly, due to their slow, evenly matched 
rate of resistance increase, This helps 
protect product quality and maintain a 
smooth production flow, 

The booklet, “Norton Heating Ele- 
ments,” tells you more about how “Hot 
Rods” can help improve your furnace 
operations and cut costs, Write for your 
copy to Norton Company, Refractories 
Division, 326 New Bond Street, Wor- 
cester 6, Massachusetts 


CRYSTOLON Heating Elements, or 
“Hot Rods”, are a typical Norton R — an 
expertly engineered refractory prescription 
for greater efficiency and economy in elec- 
tric | ae and kiln operation. Made of self- 
bonded silicon carbide, each rod has a cen- 
tral hot zone and cold ends. Aluminum- 
sprayed tips and metal-impregnated ends 
minimize resistance and power loss. Avail- 
able in standard sizes and interchangeable 
with your present rods. 


*Trade-Mark Reg. U. S$. Pat. Off. and Foreign Countries 


ifter Hardening At 2200°F, white-hot hacksaw blades are lifted from a Lind- 
berg hydrizing furnace in the plant of G. W. Griffin Co., Franklin, N. H. a 
well-known manufacturer of hacksaws. Norton crysToLon* heating elements 
(“Hot Rods”) are located in air outside the crucible which contains the protec- 
tive atmosphere. Heaung cycles are intermittent, the furnace being shut down 
each night. The “Hot Rods” in this installation have averaged twice the service 
life of the elements used previously. 


WNORTONW 


REFRACTORIES to make 


ur products 
Engineered... R Prescribed 
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bright and sharp. It is designed for 
the deburring of stamped or machined 
parts, grinding off sharp edges, re- 
moving tarnish, rust, and heat scale, 
improving surface finishes, and debur- 
ring steel and zinc. 

For further information circle No. 12 
on literature request card, p. 48-B. 


Induction Heating 
Equipment 

Lepel High Frequency Laboratories 
has announced a new line of rotary 
tables, index tables and conveyor belt 
units for automatic continuous feed 
in metal joining and heat treating 
operations. The illustration shows an 
application combining high frequency 
induction heating with the new rotary 


table in the assembly of fuse plugs. 
The conical piece of 165° F. fusible 
metal is dipped into an active flux 
and inserted into the hollow fuse plug. 
This assembly is then placed into one 
of the 40 chromium-plated brass hold- 
ers around the turntable. The fuse 
plugs are carried continuously 
through the load coil and heated to 
the desired temperature which is gov- 
erned by the speed of the turntable. 
The rotating plate is interchangeable 
with other plates for changing from 
one job to another. 


For further information circle No. 13 
on literature request card, p. 48-B. 


Degreaser 

The Dawson Corp. has announced 
a degreasing machine which utilizes 
the vapors of trichlorethylene or per- 
chlorethylene. The unit has a degreas- 
ing compartment 18 by 10 by & in. 
The vapors are generated by thermo- 
statically controlled electric heat 
which boils the solvent in the de- 
greaser. Two electrical outlets are 
needed, one for the 1600 watt heater 
and the other for a spray pump which 
provides a stream of solution for slush 
cleaning. The vapors are retained in 
the degreaser by a cooling coil which 
condenses the vapors at a predeter 
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mined level. Contaminated cleaning 
solution can be reclaimed by vapor- 
izing and condensing in the storage 
compartment. 

For further information circle No. 14 
on literature request card, p. 48-B. 


Shell Molding 


The Shaleo Engineering Corp. has 
announced the installation at National 
Tube Div. of a shell molding machine 
for pattern size 36 by 36 in. The two- 
station unit will produce steel cast- 
ings up to 34 in. square and smaller 
‘astings arranged in multiple patterns 
on the two pattern plates. The unit 
is 18 ft. long and weighs over 4 tons. 
The machine incorporates hydraulic 
motors to invert the pattern plates 
and dump boxes during the invest Measuring Hot Gas 
ment cycle. The oven is moved back Temperatures 
and forth for the CRS cycle by A new type pyrometry instrument 
means of electric power. Shell ejec- for measuring the temperature of hot 


gases in difficult situations, where the 


or other ultrasonic applications, The 
transducer operates at a standard 
frequency of 19.2*%5%, input power 
250 to 500 watts at 75 ohms 

For further information circle No. 16 
on literature request card, p. 48-8. 


tion is accomplished by means of two 
hydraulically powered ejection plates. 
For further information circle No. 15 are constantly changing, has been 
on literature request card, p. 48-8. 

announced by Fielden Instrument Div. 
The instrument, called a Land suc- 


gas temperatures and surroundings 


Ultrasonic Transducer tion pyrometer, provides measurement 

A new ultrasonic transducer of the to 2900 F. It will find usage in 
stack-tool type has been announced uptakes and regenerators of open 
by Alcar Instruments. The unit has hearth furnaces. The device forces hot 
been designed so that tools can be gases at high velocity past thermo- 
mounted on it for soldering, cutting couple temperature-sensing elements. 


RADIANT TUBES 
SAVE YOU MONEY 


PSC “Thin-Wall” sheet-alloy radiant 
tubes will cost you less than cast alloy 
tubes. Comparative quotations will im- 
mediately reveal the substantial savings. 
And, with dies on hand for many common- 
ly used sizes of return bends, we can fre- 
quently save our customers this important 
cost also. Scores of installation records 
attest to their longer service life. Precis- 
ion assembled in any design of dimen- 
sion. Also sheet-alloy heat-treating re- 
torts and covers, boxes, baskets, fixtures, 
tubes, etc. We invite your inquiries. 


Send for Meat Treat Catalog 5% 


‘THE PRESSED STEEL 
Wilkes-Barre, Pa. 
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Di * 
iamond in the rough 
This 42,000 pound Fink! FX die nearing completion at the Ladish 
Co., Cudahy, Wisconsin, will be utilized by that firm in drop forging 
1681 pound close tolerance aircraft propeller blades. FX is but one of 
many Finkl steels available for forging operations, all of which are 
quality controlled with “built-in” characteristics required for precision 
production. For the proper die steels to fit your needs, ask your local 

Finkl representative or write for the Fink] catalog. 

When you next consider hot work tooling, die blocks, or forgings, 

call on Finkl for “impressions that last.” 


Offices in: DETROIT + CLEVELAND + PITTSBURGH + INDIANAPOLIS 
HOUSTON + ALLENTOWN ~* ST. PAUL +» COLORADO SPRINGS 


SAN FRANCISCO + SEATTLE + BIRMINGHAM + KANSAS CITY 
Warehouses in; CHICAGO + EAST CAMBRIDGE + LOS ANGELES 


Finkl & Sons Co. 


2011 SOUTHPORT AVENUE+ CHICAGO 14 
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The main unit consists of a water- 
cooled stainless steel jacket, 6 ft. in 
length. A platinum thermocouple with 
5 ft. reel box is 
also part of the suction pyrometer. 


For further information circle No. 17 
on literature request card, p. 48-B. 


of spare wire in a 


Lithium Metal 

Lithium metal available in commer- 
cial quantities has been announced 
by Foote Mineral Co. The metal is 
offered in 1 lb. ingots packed under 
oil in sealed steel cans and typically 
analyzes 99.8% Li. In the metallur- 
gical field, it is used as an alloy for 
nonferrous metals, and as a scaven- 
ger and degasifier in both the ferrous 
and nonferrous fields. 
For further information circle No. 18 
on literature request card, p. 48-B. 


Compression Tester 

A 500,000 lb. capacity compression 
testing machine has developed 
by Tinius Olsen Testing Machine Co. 
Built specifically for testing complete 


been 


assemblies, this 


aircraft wheel 
machine is designed so that any one of 


new 
three testing ranges—full capacity, 
1/5 capacity and 1/20 capacity—are 
instantly available without stopping 
the test. Load is indicated electron- 
ically on a large dial. The piston and 
cylinder have been designed for instal- 
lation in a pit so that the compres- 
sion table is at floor level within easy 
reach of the operator. 


For further information circle No. 19 
on literature request card, p. 48-B. 


Sheet Metal Forming 

A Marform process package unit 
adaptable to any conventional hydrau- 
lic press has been announced by 
Loewy-Hydropress Div. The pads are 
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interchangeable to meet specific pres- 
sure and blank size requirements. A 
typical package unit is shown in the 
illustration Independent hy- 
draulic system for the unit is at the 
right. Designed for quick changeover 
the unit may be removed, if desired, 


above. 


allowing the 
normal! functions. 


press to be used for its 
The Marform proc- 
ess combines the economy of the rub- 
ber pad method of sheet metal form- 
ing, with the deep-drawing ability of 
the steel die. It is forming 
parts where surface finish is critical 
and the shape 


For further information circle No. 20 
on literature request card, p. 48-B. 


used for 


is complex 


Gas Pressure Switch 

Minneapolis 
nounced a 
switch. 


Honeywell has an 


new industrial pressure 
It consists of an spst mercury 
switch actuated by a nonmetallic dia 
phragm. It was designed for use as 
cutoff 


burner gas 


a safety switch on multiple 
installations but can be 
controller for 
gases or as a differential 
controller for nonhazardous 
Its chief features are 


pressure chamber, 


used as a pressure 
hazardous 
pressure 
pases. a sealed 
visible switch posi 
tion and control settings, 
lockout 


cases, 


protected 


settings, optional mechanism 
and die cast 
For further information circle No, 21 


on literature request card, p. 48-B. 


Tensile Testing 

The Cal-Testing Machine Co. has 
announced a new tensile testing device 
Adaptable for 
compression, or flexural testing when 
fitted with the 
the Cal-Tester 
rate of 


and fixture. tension, 


proper accessories, 
provides a constant 
load for 
nonmetallic 
rod, strip or 
Tester has load 
500 divided 
5 and 20 Ib. on 


strain and testing 
materials in 
form. The Cal 
1000 and 


increments of 


metallic or 
sheet 
ranges of 
into 
two 6-in. Bourdon 


tube gages. The unit is equipped with 


HARDNESS CONVERSION CHART 


For Every Shop That Does 


Hardness Testing This latest and most nearly accu- 


rate 


Hardness Conversion Chart 


is a necessity wherever hardness 
testing is done. It has been com- 
piled and produced by CLARK, 
makers of the internationally re- 
spected CLARK Hardness Tester 
for “Rockwell Testing.” Printed on 


heavy 


stock convenient for wall 
mounting, the chart is 


offer 


free of charge to hardness tester 
users. Just attach this ad to your 


letterhead or write 


“Send wall 


chart.” A copy will be mailed to 


you without c 


arge or obligation. 


P.S. If you would also like in- 


formation on CLARK Standard 
and Superficial Hardness Testers, 
we'll be glad to send that along 


CLARK 
INSTRUMENT 
INC. 


10202 Ford Road 
Dearborn, Mich. 
U.S.A 
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MUELLER BRASS CO. 
improves LENSOMETER 


FORGED PART APPROXIMATELY ‘4 SIZE 


Precision and extreme accuracy are vitally important 
functions of the Lensometer, manufactured by the 
Instrument Division of the American Optical Com- 
pany, Buffalo, N. Y. The Lensometer is used to deter- 
mine the focal strength and axis of an optical lens 
and, consequently, must be extremely precise in 
operation to provide accuracy and uniformity in lens 
prescriptions. 


Forgings made by the Mueller Brass Co. play an 
important role in the construction of the Lensometer 
and contribute to its outstanding performance. For- 
merly, the body of the Lensometer was produced 
from three sand castings, but these now have been 
replaced by just two forgings. Naturally, this simpli- 


lower cost 


fies assembly, and the big forged bronze main sup- 
port arm, shown above, along with the lens support 
bracket insures the constantly accurate alignment of 
the instrument. During the first year when forgings 
were used instead of castings, American Optical not 
only recovered the initial tooling costs but also real- 
ized considerable savings on each Lensometer pro- 
duced. This is another good example of the way 
Mueller Bross Co. forgings can benefit a product 
two ways .. . better performance and lower costs. 
Chances are, your product can likewise be improved 
at a savings to you if you specify brass, bronze or 
aluminum forgings made by the Mueller Brass Co. 
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FORGING 


at substantially 
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@ WRITE TODAY FOR THE ENGINEERING 


Mueller Brass Co. Forgings 
Engineering Manual H-58565 


Tuf Stuf Aluminum Bronze Alloys 
Engineering Manual 4.58563 


600 Series Beoring Alloys 
Engineering Monual FM-3000 


Copper Base Alloys in Rod Form 
Engineering Manual FM-3010 


MANUAL YOU NEED 


O 


MUELLER BRASS CO. 


PORT HURON 20, MICHIGAN 


METALS 
AND ALLOYS 
REVIEW 


by FRANK M. LEVY 
Vice-President and Director of Research 


One of our most interesting series of alloys is the group 
which we market under the tradename “Tuf-Stuf” . . . 
a group of aluminum bronze alloys with range and 
flexibility to meet the most demanding needs. They are 
high copper base alloys containing from 9% to 13% 
aluminum and varying amounts of iron, nickel and 
manganese, Being free of zinc, they are not subject to 
dezincification. Tuf-Stuf alloys have a low coefficient of 
friction, good wearing qualities, high tensile strength, 
high hardness and the ability to withstand heavy 
pounding. Some of the alloys can be hardened by heat 
treatment. In the harder grades, these alloys are used 
for heavy duty service where high compressive loads 
are encountered and where lubrication may be scant. 
Present day increases in operating speed of modern 
machine equipment and the economy of little or no 
machine “down” time has made Tuf-Stuf popular in 
the machine tool industry, It is used in a multitude of 
applications where resistance to wear is important, such 
as: Drill Jigs, Feed Nuts, Rollers, Cams, Collets, Gibs, 
Gears, Boring Bar Guides, Lead Screw Nuts and Clutch 
Shifter Forks. Also, because of their ability to with- 
stand higher stresses and resist season-cracking, these 
alloys are ideally suited for threaded nuts and bolts and 
pole-line hardware. 


The unusual physical properties of the Tuf-Stuf series 
have made it particularly useful in the chemical and 
allied industries. These alloys combine the strength and 
ductility of medium steel with high resistance to cor- 
rosion by many chemicals, Tuf-Stuf alloys will not only 
resist oxidation at elevated temperatures, but will also 
retain a greater portion of their strength and hardness 
at these temperatures than will the copper zine alloys. 
These properties make them ideal in the aircraft indus- 
try for valve seat inserts, spark plug bushings, valve 
guides and propeller hub cones. 


Tuf-Stuf alloys are supplied as forgings, rod or screw 
machine products. As forgings the grain structure can 
be controlled to produce parts that are strongest at 
points of greatest stress and strain. Relatively intricate 
shapes can be forged to closer tolerances than sand cast- 
ings. Where appearance is a factor, a forging may easily 
prove more econornical since a minimum amount of ma- 
chining, buffing or polishing is required before finishing. 


If you'd like more information about this series of alloys, 
drop me a line or better yet, send me your sample part 
or blueprint and an explanation of its use and we'll be 
glad to submit our recommendations, 
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loads), 

Want complete infor- 
mation? Write for Bul- 
letin RS, 


KENTRALL Herdness Tester 


MAKES BOTH 
Superficial & 
Regular Tests 


Thoroughly proven in the field over the past two 


years, the KENTRALL makes all Superficial Rock- 


well tests (15, 30 and 45 kg. loads), as well as all 


Regular Rockwell tests 
(60, 100 and 150 kg. 


The 
Torsion 


A POTENTIOMETER RECORDER 
THAT'S REALLY PORTABLE! 


More is a truly portable indicating recorder. We have 
' d our standard Thermo Electronic Recorder 

moking it 18 Ibs. lighter .. . without sacrificing 
sither accuracy, sensitivity or durability. 


Available in 23 standard ranges from —400° up to 
3000°F., it is also used to measure humidity, solution 
conductivity, speed, pH, direct current, DC voltage, 
power, strafh, or any other measurement that can be 
converted to a change in resist or DC millivoltage. 


Interested? Write for catalog Section 60-100- H. 


Thermo Electric 


SADDLE BROOK, NEW JERSEY 
In Canada — THERMO ELECTRIC (Canada) Lid., Brampton, Ont. 


RRR REE EE ET 


Get This Informative 
Free Booklet on New 
Uses for Straits Tin 


This 20-page booklet tells important story of Straits 
Tin and its many new uses today. Fully illustrated. 


Includes sections on new tin alloys, new tin solders, 
new tin chemicals. Covers tin resources and supply, 
Malayan mining. Booklet is factual, informative— 


could well prove profitable to you. Mail coupon now. 


THE MALAYAN TIN BUREAU 
Dept. 256, 1028 Connecticut Ave., Washington 6, D.C. 


Please send me a copy of your free booklet on new 
uses for Straits Tin. 


TEST HARDNESS OF ANY SIZE, 
SHAPE, TYPE METAL 


Accuracy guoronteed by individual calibration. 


Direct reading. N nversion. No calculations. Scales correspond ng to 


Rockwell “A” 35-75 Scale | Rockwell “15N” 70-95 Scale 
Rockwell “8” 5-100 Scale Brinelli Medium 100-440 Scale 
Rockwell “C” 10-70 Scale] Brinell Low 50-260 Scale 


Write today for Booklet 669 ]or demonstration in your shop. 
NEWAGE internationat 
portable metal hardness testers 


ERNST PATENT $2536632 MADE INU GA 


NEWAGE INTERNATIONAL, INC. @ 222 York Road, Jenkintown, Pa. 
DISTRIBUTORS INQUIRIES INVITED 
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a precision shut-off valve and auto- 
matic piston check to protect it from 
overloading or overtravel. 

For further information circle No. 22 
on literature request card, p. 48-B. 


Brazing 

A multiflame brazing machine has 
been announced by Youngberg Broth- 
ers. It can also be used for temper- 
ing, annealing and hardening. The 
unit can be fitted into any production 
line. It operates on manufactured, 
natura! or LP gas, with conventional 
shop airlines supplying air pressure. 
A regulated conveyor belt establishes 
production speeds. Materials move 
through a heating zone that can be 
adjusted to accept materials up to 
10 in. wide and 30 in. high. Burner 
manifolds can be adjusted to allow 
angling flames properly for the most 
complex joinings. 
For further information circle No. 23 
on literature request card, p. 48-B. 


Air Drier 

A new mechanically refrigerated air 
drier which produces a constant sup- 
ply of air to 110° dew point, has 
been announced by Murphy & Miller, 
Inc. It is completely automatic in 


operation. The unit is available in 
capacities from 4 c.f.m. and up, and 
is shipped ready to operate after con- 
nections are made to an electrical out- 
let and the air supply line. 


For further information circle No. 24 
on literature request card, p. 48-B. 


Degreasing Basket 

A new basket, constructed of 16 
gage corrosion-resistant Monel metal, 
made for use in a degreasing and 
annealing furnace, has been announced 
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| lengthens service life of 


Anctruments 


THE MARK OF QUALITY 


Model 407 Capacitrol 


improves furnace control, 


Wheelco heating elements 


Wheelco’s Model 407 Capaci- 
trol, with saturable core reactor, 
improves heat treat results and 
reduces equipment mainte- 
nance at Rockford Drop Forge Co., Rockford, Ill. Stepless, 
proportioning control of power input to an 80 kva Hevi-duty 
electric furnace gives even, straight-line heating, without lag or 
overshoot, for heat treating, annealing, and carburizing oper- 
ations. 


Forging hammer dies are hardened to saturation at 1850° F 
with improved results over the on-off control formerly used. 
Uniform hardening possible with Wheelco control has elimi- 
nated cracking and splitting when dies are oil quenched after 
heating. An added benefit of proportioning control is elimina- 
tion of contactor troubles caused by on-off cycling. Also, satur- 
able core reactor control will not permit the furnace to overshoot 
its control point, a major cause of damage to heating elements 


Perhaps your problems of electric furnace control can be solved 
by this remarkable new instrument. Call your Wheelco field 
engineer to get the benefit of Wheelco's long experience in con- 
trol of heat processing equipment. 


WHEELCO INSTRUMENTS DIVISION 


Barber-Colman Company 
Dept. G, 1518 Rock Street, Rockford, Ilinois 
BARBER-COLMAN OF CANADA, LTD., Dept. 8, Toronto and Montreal, Conede 


Industrial Instruments Automatic Controls « Distribution Products 
Aircraft Controls « Small Motors « Overdoors and Operators « Molded 
Products « Metal Cutting Tools « Machine Tools « Textile Machinery 
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Vulcan’s Gage & Die Steel 


Now... save time and money on smaller tools and 
dies with Vulcan’s new VULground gage and die 
steels—by eliminating initial tool steel finishing 
costs. This precision-ground, excellently finished flat 
stock comes ready for application. 


VULground is now available in oil hardening and 
air hardening tool steels—in flats and squares, 
standard 18 inch and 36 inch lengths, in a wide 
variety of thicknesses and widths. 


Vulcan’s reputation for highest quality goes with 
every shipment of VULground gage and die steel. 
Depend on it regularly. Send now for descriptive 
folder and prices. 


Vulcan Crucible Steel Division 


H. H. Porter Company, inc. 
Aliquippa, Pennsylvania 


Offices and warehouses in principal cities 


by the Wiretex Manufacturing Co. 
Monel possesses resistance to corro- 
sion by all the common organic acids 
and is practically free from corro- 
sion by neutral and alkaline organic 
compounds. Size of the basket is 21% 
by 13% by 13% in. Sides and bottom 
are of perforated Monel. 


For further information circle No. 25 
on literature request card, p. 48-B. 


Industrial Heating 

Machlett Laboratories has an- 
nounced a thoriated-tungsten filament, 
forced-air cooled triode for industrial 
heating equipment in the 3 to 6 power 
level. It incorporates a new terminal 
structure and has been given in- 
creased plate voltage and power rat- 
ings for the usual dielectric heating 


frequency band. Basic features of the 
ML-5530-H include stress-free thori- 
ated-tungsten filament, low-loss me- 
chanically strong grid support and 
rapid final seal-in by r-f. 

For further information circle No. 26 
on literature request card, p. 48-B. 


Degreaser 

A new circular vapor spray de- 
greaser has been announced by Circo 
Equipment Co. The machine features 
unobstructed tank walls with recessed 
condensate trough for solvent recla- 
mation. This trough serves as a 
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@ —Bricht Annealing—Stainless Steels, Nickel and 
Nickel Alloys, Beryllium Copper, Silicon Copper 
Alloys and Bronzes, and high and low carbon steels. 


the Drever © —cieon Hardening—High carbon and high chrome 


6) —Reduction of Metal Oxides. 
—Atomic Hydrogen Welding. 
— Radio Tube Sealing. 


We can supply COMPLETE STORAGE SYSTEMS for tank 
car lots of anhydrous ammonia. This reduces the cost of 


ammonia approximately 75%. Write for bulletin B-52 


RED LION ROAD & PHILMONT AVE., BETHAYRES, PA. 
20 
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MOBILE VACUUM... 


new Jinney ‘mobile high vacuum 


unit offers efficiency, flexibility! 


The new Kinney Mobile High Vacuum Unit is 
ideal for any experimental, pilot plant, or production 
application where a compact, mobile station is 
required. This mobility feature is vital in more and 
more operations to cut down installation time and 
materials. Basic design components include: a 
Kinney KC-15 roughing and backing pump, a 4” frac- 
tionating diffusion pump with 4” baffle valve, and 
a Kinney KC-2 holding pump. These are mounted 
on a fabricated base having tubular handle, swivel 
casters, and caster lock ... together with a 3 station 
thermocouple gauge (lon gauge-TC gauge instru- 

write mentation optional) and a central control panel. 
; Only utility requirements are cooling water for 
today diffusion pump and single phase 110 volt power 


Ki EY supply (extra long service cord supplied with unit). 
THE NEW YORK AIR BRAKE COMPANY Complete operational data and performance 
3504 WASHINGTON STREET + BOSTON 30+ ANY (A) curves are available upon request. For full details 
YORE contact any of our competently staffed district offices 
© Please send complete data on the new Kinney Mobile High Vacuum Unit. + + - in Baltimore, Charleston, W. Va., Charlotte, 
Chicago (La Grange), Cleveland, Detroit, Houston, 
Los Angeles, New Orleans, New York, Philadelphia, 
Title Pittsburgh, San Francisco, St. Louis and The Inter- 
Company national Sales Office, 90 West St., New York 6, N. Y. 


Name 


Street 
City 
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reservoir for distilled, pure solvent 
which is fed to a flexible hose and 
spray lance with fan-type nozzle. The 
degreaser is available with steam or 
electric heating systems. 

For further information circle No. 27 
on literature request card, p. 48-B. 


Textured Metal 

Rigidized Metals Corp. has an- 
nounced the addition of four new pat- 
terns to their line of Rigid-tex metal. 
Maximum width is 7 to 7% in. Pat- 
terns include two shadow box designs, 


a basket weave and a small hammered 
metal design. All are produced in any 
metal, any finish, any color, solid or 
perforated. An older pattern, alter- 
nating concave and convex, is now 
available in widths up to 36 in. 

For further information circle No. 28 
on literature request card, p. 48-B. 


Welding Torch 

A new air-cooled torch for inert gas 
shielded arc welding of light metals 
has been announced by Linde Air 
Products Co. The new torch has a 
continuous-duty current capacity of 
130 amperes (150 amperes for a 
reduced-duty cycle). It will join mild 


r 


steel and hard-to-weld metals like 
aluminum, magnesium, stainless steel, 
Monel, Everdur, copper, brass and 
high-alloy steels. It is equipped with 
either a 12% or 25-ft. cable and argon 
hose assembly. Without cable and 
hose assembly, the torch weighs 4.8 oz. 


For further information circle No, 29 
on literature request card, p. 48-B. 
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ATORY SIZE 


COMBINES 
PRECISION 
VERSATILITY 
COMPACTNESS 
MODERATE 
cosT 


EXTRA HEAVY 
BEARINGS PERMIT 
ROLLING NEWEST 
AND TOUGHEST 
METALS 


MODEL 4-053 is the newest and finest Precision Rolling 
Mill engineered especially for metallurgical and research labora- 
tories in industry and colleges . . . or for a production mill in 
many applications. Extremely flexible it can be used as (1) a 
two-high, (2) a four-high with work rolls driven, and, (3) a four- 
high with back-up rolls driven. This unique three-way drive, and 
a full line of accessories, permit a complete range of reductions 
in both hot and cold rolling. Write for complete specifications or 
copy of our rolling mill catalog. 


Wire and Tube 
Drawing Machines 


Turks Heads wwe Swaging Machines 


The Fenn Manufacturing Company, 503 Fenn Road, Newington, Connecticut 
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NEW LABOR 
ROLLING MILL | 
| 
ChA 
‘FENN 
ENGINEERING SERVICE 
is available at all times to help 
| you solve rolling problems. Fenn 
samples of your materials, = 


This simplified process makes surfaces more corrosion-resistant 


... assures better paint adhesion! 


The new Oakite ChromiCoat Process 
applies a conversion coating on aluminum 
and zinc products in dip tank or pressure 
spray washing machine...and with no 
pH control problem. It forms a uniformly 
thin, golden-colored coating. 


Oakite ChromiCoat Process fully meets 
specification No. MIL-C-5541. 


Oakite ChromiCoat Process provides a 
base that improves paint adhesion; that 
reduces chipping and flaking of organic 
coatings; that confines corrosion in the 


event of coating-damage. 


Oakite ChromiCoat Process offers unusual 
economy. Using dilute water solutions, its 
makeup cost is low. Because of its extraor- 
dinarily easy control, you save on upkeep 
and operating costs, too. Send for detailed 
Bulletin No. F9881, Oakite Products, Inc., 
54C Rector Street, New York 6, N. Y. 


INDUSTRIAL City Ming 


OAKITE. 


“ar 
tRiais. woos - seavict ( 
r 


SY” 


Export Division Coble Address: Ookite 


Technical Service Representotives in Principal Cities of U ond Canede 
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40. Abrasive Wheels 

Operating suggestions and recommended 
wheels for finishing stainless. Manhattan 
Rubber Div. 


41. Abrasives 

18-page catalog 556 on various types of 
shot and grit abrasives. SAE specifications 
and types of cleaning and peening meth- 
ods. Cleveland Metal Abrasive 


42. Adhesive Bonding 

New 8-page booklet on application tech- 
niques and precautions, advantages and 
limitations of adhesive bonding at room 
temperature. Rubber & Asbestos Corp 


43. Alloy Cast lron 

64-page bulletin A-7l on engineering 
properties and applications of Ni-Resist 
Corrosion data compared with gray cast 
iron. International Nickel Co 


44. Alloy Selection 
Chart to select alloy for given corrosive 
problem. 350 corrosives included. Cooper 
lloy 


45. Aluminum Bronze 

8-page booklet on study that led to de- 
velopment of one-piece, nickel-aluminum 
bronze ship propeller. International Nickel 


46. Aluminum Bronze 

8-page booklet on aluminum bronze 
bearing material which is forgeable, cor- 
rosion resistant, lightweight Mueller 
rass 


47. Aluminum Extrusions 
Data on commercial aluminum extru- 
sions. Superior Industries 


48. Aluminum Finish 

Bulletin on new invisible finish for 
aluminum describes Alodine No. 1000 and 
includes flow sheet for immersion process 
American Chemical Paint 


49. Aluminum Finishing 

Bulletin F9881 on process for applying 
conversion coating to aluminum and zinc 
Oakite 


50. Aluminum Strip 

20-page booklet on how it is made, sizes 
and weights of coils. Technical data on 
aluminum alloys used. Scovill 


51. Ammonia Atmospheres 
12-page bulletin B-52 on dissociated 
ammonia furnace atmospheres. Drever 


52. Atmosphere Furnace 

12-page bulletin on controlled atmos- 
phere reciprocating hearth furnace for 
continuous hardening, light case carburiz- 
ing, Ni-Carb ammonia-gas carburizing 
and other heat treating processes. Amer- 
ican Gas Furnace 


53. Atmosphere Furnace 
Information on mechanized batch-type 
atmosphere furnaces for gas cyaniding, 
as carburizing, clean hardening or car- 
Son restoration. Dow Furnace 


54. Atmosphere Furnace 
Bulletin on controlled atmosphere fur- 
nace. Industrial Heating Equipment 
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55. Atmospheres 

Bulletin on generator for producing 
pure nitrogen with a controllable hydro- 
gen content. Baker & Co. 


56. Automation 

Two articles on automation for modern 
heat treating in Heat Treat Review, Vol 
7, No. 2. Surface Combustion 


57. Bearings 

20 data sheets give special properties 
and case histories for new Rulon oil-free 
bearing material. Diron Corp 


58. Beryllium Copper 

6-page booklet 7 on precision strip for 
electronics applications. Table of typical 
mechanical properties of beryllium cop- 
per, phosphor bronze, nickel silver, brass 
gilding metal, chromium copper and 
stainless. Penn Precision Products 


59. Beryllium Copper Alloys 

New &8-page catalog on methods and 
procedures used to heat treat beryllium 
copper wrought and casting alloys. Beryl- 
lium Corp. 


60. Black Oxide Coatings 


8-page booklet on black oxide coatings 
for steel, stainless steel and copper alloys 
Du-Lite 


61. Blast Cleaning 

24-page catalog 1210 on equipment and 
accessories for blast cleaning and dust 
control. Pangborn 


62. Boiler Refractories 

20-page bulletin on boiler refractories 
discusses basic requirements of refrac- 
tories, what causes refractories to fail 
various kinds of insulating firebrick. Re- 
fractories Div., Babcock Wilcox 


63. Boron 

16-page book on boron carbide, ele- 
mental boron and other boron-rich ma- 
terials. Property data, sizing of powders 
manufacture, uses. Norton 


64. Boron Additive 

6-page article on use of grainal as 
boron-additive alloy and properties of 
grainal steels. Vanadium Corp 


65. Brazing 

Bulletin 5889 on furnace and induction 
brazing installations and methods. Gen- 
eral Electric 


66. Brazing Alloys 


Bulletin on application of six types of 
copper and silver brazing alloys. United 
Wire & Supply 


67. Brinell Machine 


Data on semi-automatic Brinell test- 
ing machine. Detroit Testing Machine 


68. Bronze 

Folder gives tables of properties, uses, 
forms and other data on phosphor 
bronzes. Chase Brass & Copper Co 


69. Calibrating Machine 

Bulletin 115 on calibrating system for 
accurate measurement of mechanical 
forces. Morehouse Machine 


70. Carbon 

New technical bulletin gives chemical 
and physical characteristics of metallurgi- 
cal carbons. Barnebey-Cheney 


71. Carbon Refractories 

New catalog section on carbon products 
for cupola furnaces gives physical prop- 
erties of carbon refractories and describes 
applications. National Carbon 


39. Thermocouples 


The importance of the the 
rin ouple as an aid to metallur 
gical industry and research is 
underlined in this new booklet 


“Noble 


After brief surveys of methods 


Metal Thermocouples’ 
of high temperature measure 
ment and of the developme nt of 
the thermocouple, the booklet 
goes on to deal with applica 
tions of the platinum metal ther 


mocouple — with particular ref 
erence to its use in the steel 
and with methods of 
calibration. further 


covers the properties of the plat 


industry 


section 


inum group metals and their 
alloys in relation to the prob 
lems of temperature measure 
ment, and in addition, informa 
tion is given on the principal 
causes of deterioration of thes 


mocouple s under strain pro 
longed heating at high tempera 
tures, and contamination John 


son, Matthe y & Co 


72. Carbonitriding 

Bulletin 241 on gas-fired radiant-tube 
furnace for carbonitriding and other heat 
treating. Lindberg Engineering 


73. Cemented Carbides 

20-page booklet illustrates and describes 
all styles of standard blanks, boring tools, 
roll turning and milling cutter blanks, 
throw-away inserts and others. Grade 
selection chart. Firth-Loach Metals, Ine 
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APPLIC ON 


Metallurgical skill and 
clese control combine 
fo assure highest qual- 
ity ferroalloys. 


EXPERIENCE 


to meet your specific ferroalloy needs 


BE Globe has a highly competent staff of oper- 


ators, research and metallurgical engineers 
“WronaLY available for consultation on your particular 


FERROSILICONS ferroalloy requirements. With six electric fur- 

naces, Globe has a combined capacity of 44,000 
HIGH-CARBON FERROCHROMES KVA. In its modern, new Beverly, Ohio, 
LOW-CARBON FERROCHROMES 


plant, Globe's diversified line of ferroalloys 


LOW-CARBON FERROCHROME SILICONS is produced from high quality raw materials, 
assuring a clean metal free from segregation 
POMANGANESE and inclusions. This plant is ideally situated 
OTHER SPECIALTY ALLOYS 


for distribution by rail, water and truck. 


PISKANDS MATHER CO. 


CHICAGO CINCINNATI DETROIT CULUTH 
GREENSBORO «+ ST. LOUIS WASH: NOTON 


3 IRON + CC RROAL 
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74. Centrifugal Castings 

Three bulletins give metallurgical 
specifications for ferrous and nonferrous 
and variety of cast- 
ings. Sandusky Foundry & Machine 


75. Centrifugal Castings 
Folder on advantages of centrifugally 
cast thermalloy. Electro-Alloys Div. 


76. Ceramic Tools 

10-page an on machining steel with 
ceramic tools includes grinding ceramic 
tools, new-type tool holder, geometry of 
ceramic tools. Norton 


77. Chromate Finishing 

‘ File on chromate conversion coatings 
or prevention of corrosion and paint- p 

base treatment of nonferrous metals. rocess 
Allied Research Products 


78. Chromium Plating Belts for 


4-page bulletin on new “crack-free” 
chromium plating process. United Chrom- 
ium 


79. Chromium Stainless Aluminum Brazing ¢ 
12-page book on fabrication and use of : J 
Type 430 stainless steei. Sharon Steel Annealing ¢ Bluing ¢ 
80. Cleaner 
Folder gives data on metal cleaners for 


use with water in still-tank or spray- . . 
washing equipment. Solventol Hardening ¢ Metal Washing and 


Carburizing Copper Brazing 


81. Cleaning Degreasing ¢ Sintering © Quenching 
28-page catalog, B-9, on corrosion- 

resistant baskets, racks, crates and tanks 

and other fixtures for cleaning and finish- 

ing. Rolock FOR 


$2. Cobalt Alloy ASHWORTH BRO Sire 


Mos 
RG 
12-page booklet, “Haynes Alloy No. WINCHESTES, VIRGINIA 


25", tells of the unique properties of this 
cobalt-base alloy. Haynes Stellite 


Greenville, Los Angeles « Lowwville « New York + Philadelphio 
83. Coil Handling Engineers: Seattle + S Lown Paul + Canedian Rep PECKOVER'S LID, Teron 


Sales Ailenta + Bulalo + Charlote,N C + Chcog Cleveland D 


New 28-page booklet on coil stock 
handling and punch press feeding equip- 
ment. F. J. Littell Machine Co. 


84. Cold Treatment Best Engineered Answers 


8-page folder describes various models 
of industrial freezers and gives their 
ranges. Applications. Webber Mfg. Co. 


85. Combustion Control to Your Oven Problems 


20-page booklet on combustion of vari- 
ous fuels and portable instruments to on . , 
measure content of oxygen and combus- hese are typical of many Rockwell recircula- 
tibles. Cities Service On 


ting ovens—standard or special—batch or continu- 


86. Combustion Meters ous—electric, gas, oil or steam—engineered for top 
Cetalog 56-553-1 on different types of 

dhomieaily operated carbon dioxide ana- 

lyzers and recorders. Operation and Select a Rockwell oven with confidence that it 

sampling systems. Hays Corp. : 


operating quality and economy. 


will give you the right answer to your baking, dry- 
87. Compressors ing or heat treating problem. Write for complete 
12-page bulletin 126-A on application of yy inf ti 
turbo compressors to oil and gas-fired : insormation. 
equipment used in heat treating, agita- q 
tion, cooling, drying. Performance curves, 

capacities. Spencer Turbine , W. S. ROCKWELL COMPANY 
88. Continuous Processing 2046 Eliot Street Fairfield, Conn. 

New 6-page Bulletin 561 on equipment . 
for continuous processing lines; punch 
and shear lines, including coil cars, pay- 
off and coiling reels, levelers, press feeds, 
stitchers, slitters, bridles, shears and ac- Standard truck type 
cessory equipment. Herr Equipment Corp. oven with complete 


89. Controllers control of temperature, 
16-page educational bulletin No. 9 gives heat input and power 
data, operation diagrams, schematic and air supply shut-off. 
drawings of capacitrols. Wheelco Instru- e 
ments 
Continuous conveyor 
90. Copper Alloys 
48-page book contains tables of alloys 
with composition, typical uses, general, loading, annealing, 
working, mechanical, electrical properties, 


hardness, ASTM specification numbers ‘ 
Revere ing aluminum sheets; 


oven for automatic 
cooling and discharg- 


radiant tube gas-fired. 


91. Corrosion of Copper 
28-page booklet B-36 discusses corro- 
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Pangborn Rotoblast’ cuts labor costs 
3% at Commercial Steel Castings! 


And saves McCallum 
Bronze $3,400 a year 
in manpower! 


You save on labor costs two ways when you blast clean with Pangborn 
Rotoblast. For one thing, Rotoblast’s faster cleaning gives you more 
an production per man-hour. This eliminates overtime, cuts down your 
work force ... often permitting the reduction of two or even three 
shifts to just one. 

In addition, the automatic operation of Pangborn Rotoblast frees 
o your working men for other tasks during the actual blasting process. 


Lower labor costs, faster production, less maintenance, high-quality == 
cleaning—these benefits mean Jower cost per ton of castings cleaned, and we 

Rg. make it well worth your while to investigate Pangborn Rotoblast for 
ae any blast cleaning problem. For complete details, write for Bulletin 227 
= to PANGBORN CORPORATION, 1800 Pangborn Blvd., Hagerstown, Md. 

a Manufacturers of Blast Cleaning and Dust Control Equipment. 


BLAST CLEANS CHEAPER 


Blasimaste 
The Pangbor’ Callum 
oY. has cut fon in man hours 
Buffalo, e i 
sav 


Rotoblest Bicstmaster® Rotoblos® Tables Specicl Blast Rooms Pangborn Dust 
& Continvous-Flo Barre! & Teble-Rooms & Cabinets Control Equipment 


Distributors for Molleabrosve and Irv Stee! Abrasives 


‘ 
4 
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sive attack on copper and copper al'oys 
Tabulation of their relative corrosion 
resistance. American Brass 


92. Corrosion Protection 

New 16-page bulletin on corrosion proof 
construction materials includes sections 
on corrosion proof cements, tank linings, 
srotective coatings and others. Atlas 
Mineral Products 


93. Corrosion Resistant Alloy 

Data sheet compares corrosion prop- 
erties of Elgiloy and stainless steel. Elgin 
National Watch Co. 


94. Cutting Tools 

36-page booklet analyzes and compares 
carbon, high speed, cast alloy and carbide 
tool materials. Allegheny Ludlum 


95. Degreasing 

34-page booklet on vapor degreasing. 
Design, installation, operation and main- 
tenance of equipment. Circo Equip- 
ment 


96. Demineralization 

24-page article on demineralizing con- 
siders development, trends and applica- 
tions of multi-bed and mixed-bed ion 
exchange. Graver Water Conditioning 


97. Desealing 

16-page bulletin 608 on how Rotoblast 
descaling machine operates, outstanding 
features, examples of its use. Pangborn 


98. Desealing Process 

8-page bulletin on sodium hydride de- 
scaling process for ferrous and nonferrous 
metals. DuPont 


99. Desealing Stainless Steel 
Bulletin 25 on descaling stainless steel 


and other metals in molten salt. Hooker 
Electrochemical 


100. Dust Control 

24-page bulletin 98 on dust control de- 
scribes and diagrams systems and their 
operation, gives capacities of filters and 


kinds of dust which may be controlled. 
W. W. Sly Mfg. Co 


101. Electric Furnace 
Bulletin on box-type, pre-heat and 


. hardening furnace with automatic atmos- 


phere contamination control Pacific 
Scientific 


102. Electric Furnaces 

36-page brochure on electric are fur- 
naces for steel melting. Various designs 
and special features for production and 
pilot sizes. Swindell-Dressler 


103. Electric Furnaces 

Brochure on electric heat treating, 
melting, metallurgical tube, research and 
sintering furnaces. Pereny Equipment 


104. Electrie Melting 

Bulletin 527 om compact are furnace 
Melt time and power consumption for 
four alloys. Detroit Electric Furnace 


105. Electrodes 

22-page booklet on aluminum bronze 
and phosphor bronze are welding elec- 
trodes, filler wire and coil wire gives 
general description and property data for 
each type. Metal and Thermit 


106. Electropolisher 

Bulletin on theory and practice of 
electrolytic polishing of metallurgical 
samples. Description of electropolisher 
Buehler 


107. Expanded Metal 


4-page folder on small-mesh expanded 
metal. Weights, dimensions for various 
gages and strands. Penn Metal Co 


108. Fasteners 

New catalog, No. 58, shows cold forged 
specialties, special rivets, screws and such 
secondary operations as reheading, special 
threading, pointing, turning, swaging. 
Hassall 
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109. Ferro-Alloys 


32-page book tells how ferro-alloys are 
made and how they are used. Electro 
Metallurgical Co 


110. Filters 


32-page booklet on filters, mixers, 
pumps and tanks for liquid processing 
Alsop Engineering 


111. Finishing 

16-page bulletin 51 on handling, metal 
cleaning, precision finishing and baking 
equipment. Despatch Oven 


112. Flame Hardening 

20-page booklet on precision flame 
hardening machine with electronic con- 
trol. Details of operation and applications 
Cincinnati Miiling Machine 


113. Flame Machining 

New booklet on precision flame ma- 
chining of large sprockets and gears. Sea- 
man-Andwall Corp. 


114. Flame Platin 


16-page booklet lists - prop- 
erties, specifications of flame-plated 
tungsten carbide coating. Linde 


115. Flow Meter 

New 6-page Bulletin 301 on Transo- 
meter and how it is used for flow, ratio 
and combustion control, for multiple fuel 
totalization and for interchangeable con- 
trol in fuel switch over. Liquids it will 
handle. Askania Regulator 


116. Flow Meters 


Bulletin 201 on flow meter for gas used 
in heat treating. Waukee Eng'g 


117. Forgings 

94-page book on die blocks and heavy- 
duty forgings. 20 pages of tables. A. Finkl 
& Sons 


118. Forgings 

6-page brochure on cored forgings of 
aluminum and other nonferrous metals 
Advantages. Weatherhead Co 


119. Formed Shapes 

New 26-page catalog No. 1555 contains 
drawings and dimensions of more than 
100 shapes. Roll Formed Products Co 


120. Furnaces 

New catalog on standard and special 
furnaces and ovens to 00°F. L & L 
Mfg. Co. 


121. Furnaces 

High-temperature furnaces for temper- 
atures up to 2000°F. are described in 
bulletin. Carl-Mayer Corp. 


122. Furnaces 

Brochures on pot furnaces, nitriding, 
austempering, and martempering and salt 
baths. A. F. Holden 


123. Furnaces 

Bulletin on electric heat treating fur- 
naces describes five series and accessories 
Lucifer Furnaces 


124. Furnaces 

Bulletin 424R on gas, oil, and electric 
revolving retort furnaces for annealing, 
hardening, drawing. W. S. Rockwell Co 


125. Furnaces 

32-page catalog of industrial equipment 
includes furnaces and furnace accessories, 
special valves, mechanical equipment 
materials handling equipment Belom- 
Brosius 


126. Furnaces 

Folder giving drawings, dimensions, 
capacity, Btu. required for drawing, an- 
nealing, forging Gas Machinery 


127. Furnaces, Heat Treating 
12-page bulletin on conveyor furnace 

radiant tube gas heated, oil or electrically 

heated. Electric Furnace Co 


offer you 
a more complete 


than ever before 


the (Kemival Crporilion 
Cw 


LUSTER-ON” 


POWDER 


After months of pains- 
teking reseerch and de- 
velopment, The Chemi- 
cal Corperetion odds to 
its well-rounded line of 
dips and coatings 
_4 


LUSTER-ON 50 POWDER 


For those interested in buying a 
powder rather than a liquid there 
are the following advantages 
with Luster-On 50 Powder 


@ Can be used on zinc or cadmium. 


@ Powder quickly and easily solu- 
ble in water. 


@ Packed in polyethylene-lined 
fiber cartons; eliminates expen- 
sive handling, space-consuming 
storage and bothersome $15.00 
deposits on carboys 


@ Applied at room temperature. 


Will not crystallize out. 


@ Gives off no obnoxious odors or 
gases. 
@ Bright, clear, long-life coatings. 


equal results obtained with ready- 
mixed liquids. 


@ Possible to obtain iridescent 
color by changing concentration 
when corrosion is a prime factor. 


Consider these advantages when ordering 


Sill available, of course — 
time-tested Luster On liquid 
dips ond coatings for oll 
your needs 


Data Sheets 
Available 


STRESS 


Recirculating Type ‘'Car Bottom” Furnace 
For Aluminum Assemblies, Steel Weldments, High Pressure Piping and Castings 


Designed fcr close temperature cycle control and Automatic Cycle Control: Where required auto- 
uniform heat throughout work chamber, this large matic cycle control may be provided to automati- 
Despatch built batch type recirculating furnace cally cycle the accurate pre-heat rate, soaking time 
provides high efficiency for heat treating of alumi- and temperature cooling rate without attention 
num, stress relief of weldments, castings and high from operator. 

pressure piping. Temperature maximum of the 
unit is 1350° F. Indirect gas fired gas heater pro- 
vides ample heat. Special high volume fans transfer 
heat at great velocity through the work chamber 


to achieve the required uniformity. The furnace W it Ti d 
has automatic temperature controls, heat sealing rl e 0 ay - 
edges for cars when in furnace and approved { ll e 
¥ 
safety equipment. i Bu etin No. 8I1P 


Heat Process Control: Despatch car bottom re- for complete information 
circulating furnaces are designed to maintain the and outstanding features 
required uniformity regardless of the load size. on Despatch furnaces. 


Great Flexibility: Wide temperature range, large 
work area, car bottom batch loading make this 
furnace adaptable to many heat treating processes. 


Minneapolis Office Chicago Office 
619 S.£. Oth 4554 N. Broedwey 
Sales ond Service in All Principal Cities 
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128. 
16-page bulletin describes isotopes used, 
equipment and applications. Budd Co. 


Gamma Radiography 


129. Gamma Ray Sources 
24-page booklet on portable gamma ra 
projectors, using cobalt 60, cesium 137, 
iridium 192. Operation and construction 

features. Metal & Thermit Corp. 


130. Gas Analyzers 

Data sheet 10, 15-84 on thermal con- 
ductivity type analyzers with recorders 
and controllers. Minneapolis-Honeywell 


131. Gold Plating 


Folder on salts for bright gold plating. 
Equipment needed. Sel-Rex 


132. Graphite 

New 6-page bulletin on graphite for 
atomic energy applications. National 
Carbon 


133. Graphite Electrodes 

Vest-pocket notebook containing 9% 
pages of information on electric furnace 
electrodes and other carbon products 
Great Lakes Carbon Corp. 


134. Grinding Machines 

Folder on grinders tabulates horse- 
power, wheel size, speeds and sizes for 
various models. Grinding and Polishing 
Machinery Corp 


135. Grinding Wheels 

New 36-page booklet on mounted 
wheels gives maximum operating speeds 
in 8 tables. Rules for a « and efficient 
operation. Grinding Wheel Institute 


136. Hardness Tester 

Bulletin on Impressor portable hard- 
ness tester for aluminum, aluminum 
alloys and soft metals. Barber-Colman 


137. Hardness Tester 

New bulletin on Wolpert-Gries Micro- 
Reflex hardness tester for loads from 10 
to 3000 g. Gries Industries, Inc. 


138. Hardness Tester 
Bulletin on how to test 
with portable Brinell tester 


139. Hardness Tester 

Data on hardness testing scleroscope 
with equivalent Brinell and Rockwell C 
numbers. Shore Instrument 


140. Hardness Tester 

4-page bulletin on tester for both super- 
ficial and regular hardness testing. Tor- 
sion Balance Co. 


141. Hardness Testers 

20-page bulletin on models, applications 
and how to use superficial hardness 
testers. Wilson Mechanical Instrument 


142. Hardness Testers 

Folder on portable hardness testers for 
testing of various sizes, shapes and types 
of metal. Newage International 


143. Hardness Testers 
20-page book on hardness testing by 
Rockwell method. Clark Instrument 


144. Heat Treating 
Bulletin describes baskets, crates, trays, 
furnace parts for heat treating. Stanwood 


145. Heat Treating 

Bulletin 14-T on ovens for heat treat- 
ment of aluminum and other low-tem- 
perature processing. Young Bros. 


146. Heat Treating 

24-page booklet on how to plan a tool 
room heat treating department gives sev- 
eral layouts of furnaces and auxiliary 
equipment. Lindberg Engineering Co. 


147. Heat Treating Ammonia 
24-page “Guide for Use of Anhydrous 

Ammonia” describes heat treating and 

other metallurgical uses. Nitrogen Div 


large gears 
King Tester 
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148. Heat Treating Belts 
Catalog of conveyor belts and data for 
their design, application and selection 
Ashworth Bros. 


149. Heat Treating Belts 

New 16-page booklet on selection of 
steel processing conveyor belts gives com- 
plete specifications. Colorado Fuel & Iron 


150. Heat Treating Fixtures 
24-page catalog on heat and corrosion- 
resistant equipment for heat treating and 


chemical processing. 30 classifications of 
equipment. Pressed Steel 


151. Heat Treating Fixtures 
12-page bulletin on wire mesh baskets 


for use in heat treating and plating of 


metals. Wiretex 


152. Heat Treating Fixtures 
Folder on carburizing boxes, trays, heat 
treat fixtures and baskets. Misco 


153. Heat Treating Furnaces 
12-page booklet on various heat treat- 

ing furnaces contains chronology of ad- 

vances in heat treating furnaces. Holcroft 


154. Heat Treating Furnaces 

32-page catalog on high-speed gas fur- 
naces for heat treating carbon and alloy 
steels; also pot furnaces for salt and lead 
hardening. Charles A. Hones 


155. Heating Elements 

24-page Bulletin H on electric heating 
elements. Includes extensive tabular data 
on physical and electrical specifications 
for various sizes. Globar Div 


If you use thermocouples, 
THIS MANUAL IS 


MEANT FOR You! 


on 


| 


That's the subject covered in detail by this new basic guide to 
more accurate temperature measurement. It gives complete 
specifications on these exclusive Hoskins alloys . 
states the Accuracy Guarantee applicable to both thermocouple 
ond lead wire grade material 
equivalents for Chrome! vs Alumel... 


clearly 


lists temperature-millivolt 
explains standardization procedures, 


and tells how best to test “unknown” wires. What's more, it contains much 
useful application data to help you make more and better use of Chromel- 
Alumel thermocouples. Yes, if you're interested in accurately controlling 
temperatures, this manual is meant for you. Send for it today! 


Chromel-Alumel thermocouple alloys ore produced exclusively by 


HOSKINS MANUFACTURING COMPANY 
4445 Lawton Avenue © Detroit 8, Michigan © TYler 5-2865 
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Shaker hearth furnaces automatically 
dump parts into Shell Voluta Oil 23, 
then remove and drain them. 


“The right quench oll for our work is 


SHELL 
VOLUTA 
OIL 23° 


says Garland Wilcox, Chief Metallurgist 
Wallace Barnes Co., Bristol, Conn. 


..-the story of a profitable change 


Wattace BARNES COMPANY and steel 
springs have “gone together” for nearly a 
century. Most of today’s output is in 
SAE 1075 or 1095 steel. 

Because the quenching operation is so 
important to the life of springs, the Wallace 
Barnes laboratory decided to test its regu- 
lar quenching oil against some of the newer 
products, including Shell Voluta Oil 23. 
This is what they found: 

Shell Voluta Oil 23 showed a superior 
quench rate, with correct hardening and 
relative freedom from distortion. [t drained 
more rapidly from the quenched parts, re- 


ducing dragout loss. It washed off more 
completely in the alkaline cleaner; it re- 
duced flaming, and cut down on the oil 
baked to parts. 

Wallace Barnes reports that this oil has 
almost eliminated trouble with “‘slack- 
quenched parts,” and that heavier stock 
now goes through without special handling. 
So... Shell Voluta Oil 23 has replaced the 
former quench oil in all tanks of the spring 
hardening departments, serving salt pot 
lines and shaker hearth furnaces. 

We'll be glad to provide full information 
on Shell Voluta Oil 23. 


WALLACE BARNES CO. 


Flat springs at austenitizing tempera- 
oy get a fast quench in Shell Voluta 
23. 


Barnes Co. 


SHELL OIL COMPANY 


50 WEST SOTH STREET, NEW YORK 20, NEW YORK 
100 BUSH STREET, SAN FRANCISCO 6, CALIFORNIA 


Over 35,000 prints of production items 
like these are kept on file at Wallace 


A division of Associated Photos courtesy “STEEL” 

/ 
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156. High-Alloy Castings 

16-page bulletin, No. 3354-G, gives engi- 
neering data concerning castings used for 
resisting high temperatures, corrosion 
and abrasion. Duraloy Co. 


157. High-Temperature Alloys 
Booklet “Keep Operating Costs Down 
When Temperatures Go Up.” Interna- 
tional Nickel 


158. High-Temperature Steels 

87-page book on factors affecting high- 
temperature properties. 45 pages of data 
on tensile, creep and rupture properties 
of 21 high-temperature steels. U. S. Steel 


159. High-Tensile Steel 

Bulletin on nickel-copper steel of low- 
alloy, high-strength type. Youngstown 
Sheet and Tube 


160. Impact Testing 
Bulletin on machine for Izod, Charpy 
and tension testing. Riehle 


161. Induction Furnace 

New 4-page folder on combination in- 
duction melting and holding furnace and 
automatic pouring unit. Ajax Engineering 


162. Induction Furnaces 
pans R40 on semi-continuous casting 
of aluminum billets. Ajax Engineering 


163. Induction Heating 

8-page bulletin on high-frequency 
motor-generator sets for induction heat- 
ing. Ohio Crankshaft 


164. Induction Heating 

Folder on high frequency induction 
heating for heat treatment, joining and 
hot forming. Charts on current penetra- 
tion in steel. Magnethermic 


165. Induction Heating 

12-page booklet B-6519 on equipment 
for induction heating for forging, hard- 
ening, annealing and metal joining. West- 
inghouse Electric 


166. Induction Heating 


Control 
New Bulletin HT-1 on automatic tem- 
perature control for induction heating 
equipment. Types of control, components 


of induction heaters. Minneapolis-Honey- 
well 


167. Industrial Heating 
New booklet on process heating opera- 
tions for light metals. Michigan Oven Co. 


168. Instruments 

20-page booklet on Hilger optical in- 
struments including absorptiometer, spec- 
trophotometer, comparator, spectrographs, 
microscopes. Jarrell-Ash 


169. Insulation 
New 20-page catalog on thermal insula- 
tions and refractories for application at 
400° F. to +3000° F. Composition, physi- 
ae J and thermal properties. Johns-Man- 
ville 


170. Powder 

8-page booklet tells of new type B iron 
powder. Tables give compressibility, den- 
sity, green strength and other properties 
before and after sintering for various 
mixes. Scrub Oaks Mine, Alan Wood 
Steel Co 


171. Joining Stainless 
24-page booklet on various welding 
methods, soldering, brazing, flame cutting 


and are cutting of stainless. Crucible 
Steel 
172. Laboratory Equipment 


Bulletin on high-purity graphite 
powder, funnels, crucibles, boats. United 
Carbon Products 


173. Leaded Steel 
8-page bulletin gives chemical compo- 
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sition, mechanical properties and case 
studies showing machining production 
rates of sdloy, lead bearing steel 
Ryerson 


174. Leaded Steel 

Folder on lead-bearing, cold finished 
bars which machine about 80% faster 
than B1113. LaSalle Steel 


175. Leaded Steel 

8-page booklet on production of lead 
treated steels, their advantages and case 
histories of their use. Copperweld Steel 
176. Low-Alloy Steel 

60-page book on high strength low- 


alloy steel, properties, fabrication and 
uses. U. S. Steel 


177. Low-Melting Alloys 
New folder lists 63 uses for these alloys 
Cerro de Pasco 


178. 


Low-Temperature 
Brazing 


Bulletin 72 contains many designs for 
brazing. Handy & Harman 


179. Lubricant 

Bulletin 425 on colloidal dispersions for 
use in metal casting. Best formulas for 
achieving high lubricity and wetting ac- 
tion. Acheson Colloids 


180. Lubricant 
Bulletin 103A on fringe area lubrication 
with molybdenum disulfide lubricants 


Increase Production and Lower Costs 
with 


Loftus 6O Cycle Induction Heating Furnaces 


Heating of ferrous and non-ferrous 
metals for rolling, forging or extrusion 
operations is quick, clean and eco- 


nomical with Loftus 60 Cycle Induc- 


Photo Courtesy Revere Copper and Brass, Inc. 


tion Heaters. Check the advantages 
listed below and you'll readily under- 
stand why it pays big dividends to 


use this modern method of heating. 


Automatic charging and discharging. 
Minimum maintenance. 
Modern, fast, uniform heating. 


Elimination of lost time and labor for bring- 


ing furnace and load up to temperature. 


@ Surtace is practically scale-free. 


ond bates of indeatral panacd FTU Ss. 


SALES OFFICES IN PRINCIPAL CITIES 


561.54 


610 Smithfield Street, Pittsburgh 22, Pa. 


140 $. Dearborn Street, Chicago, lil. 
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compare with the standard 


high speed steels 
the standard’s REX 


Ever since grandad’s day, Crucible’s REX® high 
speed steel has been the standard by which all other 
high speed steels are compared. And now the qual- 
ity and uniformity of REX are even better, thanks 
to improved manufacturing techniques at Crucible. 

Don’t take our word for it. Prove for yourself 
how REX leads in structure, uniformity, response 
to heat treatment, and fine tool performance. 

Ask for REX at your nearby Crucible warehouse 
— or order it through prompt mill shipments. And, 
for a list of available data on all Crucible special 
purpose steels, write now for a free copy of the 
“Crucible Publication Catalog”. Crucible Steel 
Company of America, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 


lc rn UJ C i ig LE} first name in special purpose steels 


Crucible Steel Company of America 
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for extreme bearing pressures and all 
temperatures. Alpha Molykote 


181. Lubricants 

8-page booklet on colloidal greases, 
forging compounds, hydraulic concentrate 
and others. Grafo Colloids 


182. Lubrication 

New, 20-page lubrication guide for al! 
types of Waterbury-Farrel machinery. 
Waterbury Farrel 


183. Machining Costs 

12-page “Relation of Machining Time 
to Material Cost”. Comparative machin- 
ability costs per ton for eleven steels. 
La Salle Steel 


184. Malleable 

Reprint 51-B on metallurgy. treatment 
and heat treated properties of malleable 
iron. Surface Combustion 


185. Melting Furnaces 

28-page catalog on Heroult electric 
melting furnaces. Types, sizes, capacities, 
ratings. American Bridge 


186. Melting Guide 

Selector guide for heating equipment 
and control for solder, tin and lead melt- 
ing. General Electric Co. 


187. Metal Cutting 

8-page booklet on friction, abrasive, 
cutoff and long cut saws. Ty-Sa-Man 
Machine 


188. Metal Cutting 

64-page catalog No. 29 gives prices and 
describes complete line of rotary files, 
burrs, metalworking saws and other 
products. Martindale Electric 


189. Metallograph 


12-page book on desk-type 
lograph. American Optical 


190. Metallographic 

12-page catalog E-29 describes bright- 
field equipment for visual observation 
and photography. Bausch & Lomb 


191. Metalworking Machines 

New 44-page catalog on forming, cut- 
ting, punching and notching operations 
on medium and light-weight metals 
O'Neil-Irwin Mfg. Co 


192. Microhardness Tester 
Bulletin describes the Kentron micro- 
hardness tester. Torsion Balance Co 


193. Microscopes 
Catalog on metal ograph and _ several 
models of microscopes. United Scientific 


194. Molybdenum 

72-page book gives data on unalloyed 
molybdenum and four arc-cast alloys. 
Several pages of references. Climax 
Molybdenum 


195. Molybdenum 

24-page booklet gives physical and 
chemical property data on molybdenum 
powders, wire, alloys. Sylvania Electric 


196. Nickel Alloys 

40-page book gives corrosion, physical 
and mechanical properties of Hastelloy 
alloys; 13 pages of fabrication data. 
Haynes Stellite 


197. Nickel Plating 


Booklet on bright nickel plating proc- 
ess. United Chromium 


198. Nitriding 


Data on pocotss for nitriding stainless 
steel. Standard Steel Treating 


metal- 


199. Nitriding Furnace 

Bulletin 646R on carburizing and nitrid- 
ing furnace giving atmosphere circula- 
tion to 1850 Hevi Duty 


200. Nondestructive Testing 
8-page bulletin on equipment for non- 
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destructive testing of bars, rods, tubing 
Magnetic Analysis 


201. Nondestructive Testing 

8-page booklet on cost savings realized 
through nondestructive testing. Magna- 
flux Corp. 


202. Nondestructive Testing 
Data on new nondestructive thickness 
tester. Unit Process Assemblies 


203. Nonferrous Alloys 
Bulletin 154 with chart showing chemi- 
cal analyses, and properties. Current U.S 
Navy, Federal, Military, SAE and ASTM 
specifications. Shenango-Penn Mold Co 
204. Nonflammable Rust 
Preventive 

Bulletin on rust preventive compound 
which is water soluble, nontoxic and 
nonflammable. Production Specialties 


205. Oil Quenching 
8-page brochure tells in detail how 
carbon steel often can replace alloy steel 


when additive is used in the quenching 
oil. Aldridge Industrial Oils 


206. Openhearths 


Brochure on modern openhearth design 
and construction. Loftus 


207. Ovens 

Bulletin 100 on laboratory and produc- 
tion ovens. Engineering, construction and 
control features. Despatch Oven 


208. Paint Adhesion 


New 6-page pamphlet on line of phos 
phating materials. Includes phosphating 
reference chart for solving paint ad 
hesion problems, Turco 


209. pH Measurement 

New bulletin on instrumentation for 
9H measurement and automatic control 
ristol 


210. Photomicrography 
Catalog E-210 on sliding base, high or 


low power photomicrographic equipment 
Bausch & Lomb 


(Continued on page 48a) 


GASMACO 
FURNACES 
FOR 
METAL 
PROCESSING 


GASMACO offers the metal processing industry automation in heat 


treatment . . 
matic Annealing Equipment .. . 


Automatic Harden, Quench and Draw Units 


Auto- 


Automatic Gas Carburizers. This 


means greater production, lower costs and consistent duplication 


of metallurgy. 


GASMACO furnaces can be supplied with or without protective 
atmosphere. Any furnace small enough for rail shipment can be 
completely erected in our shop and shipped ready for operation 


Pusher, Conveyor, Walking Beam and Rotary types. THE GAS 
MACHINERY COMPANY, 16106 Waterloo Rd , Cleveland 10, Ohio 
In Canada: The Gas Machinery Co (Canada) Ltd., Hamilton, Ontario 


Representatives in 
CHICAGO, DETROIT, HOUSTON, LOS ANGELES, SAN FRANCISCO 


‘CA Check first with GASMACO for latest industrial furnace designs. 


™ gas machinery comm 
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We ran this 
Baw 


Insulating 
Firebrick 


advertisement 


in 1947 


Photo courtesy Sur Shipbuilding Dry Dock Company 
Still lined with its original B&W Insulating Firebrick 
years of normalizing and stress-relieving service, 


The furnace that 
this furnace is giving exceptional performance. Despite 
80,000 


the added strain of the rigorous war years, the 


PAID FOR ITSE LF B&W IFB used to line sides, ends and arch have required 


no appreciable maintenance! 


MANY TIMES It is no ‘wonder the operators can report: 
times over.” 


OVER “This furnace has paid for itself many 
————e For furnace performance that assures highest production 
at lowest cost, even after years of grueling service, you 
can always count on lightweight B&W Insulating Fire- 
brick. Your local B&W Refractories Engineer will be glad 
to help you select economical B&W Refractories for your 


furnaces. 


BABCOCK 
& WILCOX 


THe 
OFFICES on 
YORK I7. wy 


saw REFRACTORIES PRODUCTS: 


brick « B&W 80 Firebrick 
brick « B&W insulating Firebrick 
Plastics and Mortars 


BAW Alimul Fire 
B&W Junior Fire 
B&W Refractory Castables, 
B&W Silicon Carbide 
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(Continued from page 47) 


211. Pickling Baskets 
Data on baskets for degreasing, pickling, 
anodizing and plating. Jelliff 


212. Pickling Baskets 

12-page bulletin on mechanical picklers 
crates, baskets, chain and accessories 
Youngstown Welding & Eng'g 


213. Plastic Tools 

Bulletin on how tooling compounds 
based on epoxy resins are used in jigs, 
fixtures, forms, patterns, dies. Bakelite 


214. Plating 


List of chemicals and precious metal 
catalysts for the preparation of plating 
baths. J. Bishop & Co. Platinum Works 


215. Platin 


New edition — guide to power 
conversion rectifiers. Bart Messing Corp 


216. Portable Recorder 


Bulletin 60-100 on instrument for re- 
cording any measurement that can be 
converted to a change in resistance of 
d.c. miliivoltage. Thermo Electric 


217. Powder Cutting 

New 4-page folder lists applications of 
powder scarfing, gouging, ae and 
washing. Hoeganaes Sponge Iron Corp 


218. Powdered Metals 


Booklet on design, properties, produc- 
tion and application of brass and other 
nonferrous powder parts. 24 case histories 
New Jersey Zinc 


219. Precision Casting 

12-page book on alloy selection and 
design for precision casting. Arwood 
Precision Casting 


220. Pyrometer 

Catalog 85 on micro-optical pyrometer 
gives outstanding features, operating pro- 
ceiure and applications. Pyrometer In- 
stvument 


221. Pyrometer Calibration 
“Pyrometer Thermocouple Calibration 

Data” includes tables of data released by 

National Bureau of Standards. Bristol Co 


222. Pyrometers 

Bulletin, “Temperature Indications’, on 
basic facts about pyrometry and line of 
pyrometers. Illinois Testing Labs. 


223. Quenching 
New catalog on two small self-con- 
tained quenching units. Bell & Gossett 


224. Quenching 

64-page book tells what happens when 
steel is heated and cooled, describes 
quenching media. quenching practices, 
interrupted quenching and cooling meth- 
ods. E. F. Houghton 


225. Quenching Oil 

New Bulletin 45 on quenching oil treats 
mechanism of quenching and explains 
how Sunquench 78 aids. Sun Oil 


226. Quenching Oils 

8-page booklet on quenching oil gives 
cooling curves, hardnesses obtained. Shell 
Oil Co 


227. Radiamatiec Pyrometers 

Catalog 9301 on four types of radiation 
detectors for measuring temperatures 
oom 125 to 7000 F. Minneapolis-Honey- 
well 


22%. Radiography 

18-page bulletin on materials and acces- 
sories for radiography. Density curves for 
four types of films. X-Ray Div., Eastman 
Kodal 


229. Rare Earths 

8-page Progress Report Number 1, 
“Rare Earths in Iron and Steel Melting” 
Molybdenum Corp 


230. Refractories 

24-page booklet on insulating firebrick 
and cements for use to 3000° F. Shapes, 
design, suspended arch and wall con- 
struction discussed. Armstrong Cork Co 


231. Rhodium Plating 
Data on properties, thicknesses re- 


quired, costs, operation, applications 
Technic 


232. Rolling Mills 

Catalog on line of machines for rolling 
ferrous and nonferrous metals gives de- 
scriptions and lubrication and mainte- 
nance instructions. Fenn Mfg. Co. 


233. Salt Bath Furnaces 

Data on salt bath furnaces for batch 
and conveyorized work. Upton 
234. Sand Blasting 

New 4-page bulletin 1256 on sand blast- 
ing machines for cleaning, deburring, 
surface preparation. Leiman Bros 
235. Sand Control 

32-page book on defects and troubles 
in foundry and how to remedy through 
sand control. Claud S. Gordon Co 
236. Saw Blades 

Selector for hand or power blades tells 


BUSINESS 


No Postage 


REPLY CARD 


Stamp Necessary If Mailed In the United States 


4c POSTAGE WILL BE PAID BY— 


METAL PROGRESS 


7301 Euclid Avenue 
CLEVELAND 3, OHIO 


which blade to use for various alloys and 
shapes. Henry Disston 


237. Shear 
Bulletin on bar and billet shear for 


rounds, squares, flats, billets and struc- 
turals, either hot or cold. Hill Acme Co 


238. Shell Molding 


6-page brochure on shell mold casting 
of copper-base alloys describes how it i 
done and applications. Aurora Metal Co 


239. Shell Molding 


8-page booklet on silicones for the shell 
molding process describes three different 
products. Silicones Div., Union Carbide 
and Carbon Corp 


240. Shell Molding 


16-page booklet on resin-coated sand 
for shell molding discusses equipment 
coating techniques and production of 
blown shell molds and cores. Plastic Div., 
Monsanto Chemical Co 


241. Silver Brazing 

48-page manual on all aspects of silver 
brazing applications and problems. Amer 
ican Platinum Works 


242. Silver Brazing 

Series of eight technical bulletins on 
silver brazing. Joint strength, design 
stress analysis, heat treatment, fluxes 
Handy & Harman 


243. Sodium 

40-page booklet on handling metallic 
sodium gives typical sodium using proc 
esses, equipment installation, recommen 
dations ioe pumping and instrumentation 
U.S. Industrial Chemicals 


244. Solvent Cleaning 

16-page booklet on how to use solvent 
detergents for removing carbon, grease 
dirt, paint. Oakite Products 


245. Specification Key 

Guide to Government specifications for 
eagmeteing rust proofing and paint 
vonding chemicals. American Chemical 
Paint 


246. Spectrograph 

New 8-page catalog on performance and 
applications of Spec-Lab industrial spec 
trograph. Jarrell-Ash 


247. Stainless Castings 

20-page booklet shows how they are 
made, property and size data, typical ap 
plications. Crucible Steel 


248. Stainless Fastening» 
20-page catalog of stainless steel cap 
screws, nuts, washers, machine screws 


FIRST CLASS 


(Sec. 34.9 PL. &R.) 


PERMIT No. 1595 


Cleveland, Ohio 


BLAZING 
THE 
HEAT 


TREAT 


LET'S TALK 
CONTROLLED 
ATMOSPHERES 


Holcroft has pegged many of its research activities to the prob- 
lems of controlled atmosphere heat treating. As a result, 
Holcroft has blazed the trail for industry. 


Controlled atmospheres protect the stock while it is being 
treated and help produce the desired finish to the parts. Scale 
and decarburization are eliminated. Stock in the furnace 
chamber is surrounded by a gas atmosphere which excludes 
all air and products of combustion. 


Basic gas generator patents go back to 1883. However, the 
first real use and understanding of fundamental equilibrium 
constants—now in general use in all gas atmosphere work — 

was by Holcroft in 1934, Dew point cups 


and equilibrium curves were furnished 


customers at that time. Today, Holcroft's 
new Lo-Dew generator (750, 1200 and 
2400 cfh) provides rated capacities at low 
dew points. 


Advances like these are typical of the 
scope of Holcroft activities—proof that 
you can get right answers without prej- 
udice. Insist upon a Holcroft quotation as 


your first step when you have a heat treat 
problem. You'll save! 


Holcroft's new gas generator designed 


\ ; 4 to produce gas atmospheres between 


the timits of perfect combustion and ~* 
modified ‘'302"’ 


HOLCROFT and COMPANY 


6545 EPWORTH BOULEVARD «+ O£TROIT 10, MICHIGAN 
PRODUCTION HEAT TREAT FURNACES FOR EVERY PURPOSE 


CHICAGO ILL CLEVELAND, OH10 DARIEN, CONN HOUSTON, TEXAS LOS ANGELES, CALIF. PHILADELPHIA PA 
CANADA Walker Metal Products. Ltd. Windsor, Ontario 
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In estimating production costs, one of 
the items a metal fabricator takes 
into account is the cost of steel. As 
important as this is, it is sometimes 
good economics to pay more for steel, 
but pay less in the end for the fabri- 
cated part. The cost of down time on 
expensive forming equipment, the 
cost of idle labor, the cost of re- 
processing defective parts, may well 
exceed the cost of the extras built 
into restricted specification steel, 


which will eliminate these unplanned- 


for costs. 
RESTRICTED SPECIFICATION 
COLD ROLLED STRIP STEEL 
hoosts production, stops slow 
downs, reduces die costs, meets 
CMP restricted specification cold 


of j 


rolled strip steel can be pre-planned 
to minimize production delays and 
produce for you the production cost 
you need. We will welcome the oppor- 
tunity to explore with you the cost- 
saving potentials in your manufactur- 


ing processes which may be available 


PROVIDES 
the precision dimensional and 
physical qualities that solve 
many fabrication, cost and 


performance problems. 


48-B 


to you by use of CMP restricted 


specification cold rolled strip steel. 


WHERE YOU CAN GET 
SPECIFIC SPECS 
FOR 
SPECIFIC JOBS 


LOW CARBON, ELECTRO ZINC COATED, 
HIGH CARBON, TEMPERED SPRING STEEL, 
STAINLESS AND ALLOY 


THE Coto METAL PRODUCTS CO. 


GENERAL OFFICES: YOUNGSTOWN, OHIO 
PLANTS: YOUNGTOWN, OHIO & INDIANAPOLIS, IND. 
SALES OFFICES: New York © Cleveland © Chicago 
Indianapolis © Detroit © Los Angeles © San Francisco 


sheet metal screws, set screws, pipe fit- 
tings and specialties. Star Stainless Screw 


249. Stainless Steel 

Data sheet on Type 301 gives physical 
properties, corrosion and oxidation resist- 
ance, mechanical properties. Allegheny 
Ludlum 


250. Stainless Steel 

40-page Design Handbook gives proper- 
ties, specifications, applications, design 
data on springs. Alloy Metal Wire 


251. Stainless Steel 

Slide chart. Set top at a certain fabri- 
cating operation, bottom shows rating of 
each standard grade. On reverse side, 
heat treating and corrosion data are 
given. Carpenter Steel 


252. Stainless Steel 

36-page bulletin on effect on properties 
of processing at different temperatures 
International Nickel 


253. Stainless Wire 

Data on type 302 stainless wire. Tensile 
strength, sizes and shapes. Relaxation at 
elevated temperatures. Webb Wire Div., 
Carpenter Steel 


254. Steel 52100 
Data sheet on high-purity 52100 steel, 
made by vacuum melting. Vacuum Metals 


255. Super High Speed Steel 
Folder on molybdenum, 8% cobalt high 
speed steel for use at speeds 20 to 25% 
greater than with ordinary high speed 
steel. Heat treatments. Firth Sterling 


256. Tanks and Linings 

16 pages of data on tanks and corrosion- 
resistant linings for cleaning and plating 
solutions. Chemical Corp. 


257. Temperature Controller 
Specification Sheet $1010-1 on electronic 

temperature controller gives specifica- 

tions and uses 


258. Test Specimens 
Data on machine for cutting test speci- 


mens to ASTM specifications. Sieburg 
Industries 


259. Testing Instruments 

16-page bulletin on portable recorders, 
voltmeters and ammeters, surface rough- 
ness scales and other electric testers 
General Electric 


260. Textured Metal 

16-page booklet on advantages and 
applications of textured metal. Rigidized 
etals 
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261. Thermocouple Alloys 

20-page booklet on chromel-alumel al- 
loys gives sizes, temperature-millivolt 
equivalents, standards, applications. Hos- 
kins Mfg 


262. Thermocouple Data 

New bulletin F-5228-3 on construction 
and application of thermocouples and 
radiation detectors to industrial control 
How to check, make, select and size 
thermocouples. Wheelco 


263. Tin 

20-page booklet describes mining of 
tin and its present use by American in- 
dustry. Malayan Tin Bureau 


264. Titanium 

8-page bulletin features opportunities 
in design, applications, corrosion ratings 
of titanium. Mallory-Sharon Titanium 


265. Tool Steel Brand Chart 
Wall chart listing over 300 popular tool 
steels by types. Vulcan Crucible Steel Co 


266. Tool Steel Failures 

124-page book, “Tool Steel Trouble 
Shooter”, analyzes 107 tool failures and 
assigns causes as among tool design faults, 
tool steel faults, improper heat treatment, 
mechanical and operational factors. Beth- 
lehem Steel 


267. Tool Steel Heat Treat 

Bulletin 1147EE on electric furnace for 
heat treatment of high speed tool steel 
Hevi Duty 


268. Tool Steel Selector 

Twist the dial of the 9-in. circular 
selector and read off the tool steel for 
your application. Crucible Steel 


269. Tool Steels 


Bulletin on tool steels, hot work spe- 
cialty steels, bar stock, billet, sand cast- 
ing, drill rod, flat ground stock and tool 
bits. Darwin & Milner, Inc. 


270. Tubing 
52-page “Handbook of Seamless Steel 


‘Tubing’. 26 pages of data. Timken 


271. Tubing 
Bulletin on aluminum preassembled 
refrigerator tubes. Wolverine Tube 


272. Ultra Strength Steel 
Results of three year research and test 

program evaluating properties of Type 

4340 steel for aircraft structures. Interna- 


273. Ultrasonic Cleaning 
Folder on Sonogen ultrasonic generator 
for metal cleaning. Branson 


274. Ultrasonic Testing 

Data folder describes instruments using 
ultrasonics for various tests immerscope, 
“ scan and flaw recorder. Curtiss- 
Wright 


275. Vacuum Calculator 

Slide rule for quick calculation of data 
necessary in vacuum engineering and 
processing—for instance, pump capacities 
and time to reach given vacuum. Pertinent 
conversion tables on back. F. J. Stokes 
Machine 


276. Vacuum Metallurgy 
Information memo describes the high- 
vacuum technique and pumping systems 
Consolidated Vacuum Corp. 
277. Vacuum Pump 
4-page bulletin on small, air-cooled, 
eee high-vacuum pumps. Kinney 
9g 


278. Welding Electrodes 

84-page pocket-size booklet describes 
characteristics, coating, sizes of various 
electrodes and compares them with 
standard designations and other electrode 
brand names. Harnischfeger 


279. Welding Electrodes 
50-page book on electrodes of stainless, 
mild and high-tensile steels, cast iron, 
non-ferrous alloys. low-hydrogen and 
hardfacing compositions. Air Reduction 


280. Welding Equipment 

12-page bulletin 156 on special and 
standard resistance and arc welding 
equipment. Acro Welder Mfg. 


261.. Welding Equipment 

Catalog on Cadweld process and arc- 
welding accessories. Erico Products 
282. Wire Cloth 

84-page booklet on applications, meshes, 
baskets, filters. Cambridge Wire Cloth 
283. X-Ray 

12-page bulletin on gamma radiography 
tells how to select the source, equipment 


techniques and fundamentals of gamma 
radiation. Picker X-Ray 


264. Zine 

32-page booklet on zinc’s role in con- 
trolling corrosion tells why zinc does not 
corrode easily, describes zinc coatings and 


tional Nickel 


25 49 73 97 121 145 
26 50 74 98 122 146 
27 5! 75 99 123 147 
28 52 76 100 124 148 
125 149 
30 54 78 102 126 150 
3 55 79 103 127 151 
32 56 80 104 128 152 
33 57 8! 105 129 153 
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10 34 58 82 106 130 154 
a 35 59 83 107 131 155 
12 36 60 84 108 132 156 
13 37 6! 85 109 133 157 
14 38 62 86 110 134 158 
15 39 63 87 ti 135 159 
16 40 64 88 112 136 160 
17 4! 65 89 113 137 16! 
18 42 66 90 114 138 162 
19 43 67 9! 115 139 163 
20 44 68 92 116 140 164 
2! 45 69 93 17 141 165 
22 46 70 94 118 142 166 
23 47 71 95 9 143 167 
24 48 72 % 120 144 168 


of galvanized steel. American 
Institute 
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Whether you want to order a quan- 
tity of tool steel, or merely a short 
bar, or just would like a bit of advice 
about the correct method of heat- 
treatment, you're sure to find your 
Bethlehem tool steel distributor anx- 
ious to be of service. 

Prompt service is your distribu- 
tor’s middle name. He makes it a 
point to know your city like a book 


Want Fast Tool Steel Service ? 


SEE YOUR BETHLEHEM DISTRIBUTOR 


—its background, its people, its in 
dustry. He knows what grades of 
steel you are moat likely to need, and 
in what quantities. And so he keeps 
large stocks of Bethlehem tool steel 
on hand, in a virtually endless variety 
of types, all of them ready to go at a 
moment’s notice 

If you would like bars cut to spe 
cial length, or if there’s a tricky 


Steel Fopics 


STEEL CC}APAMY, BETHLEHEM PA On the Pacific Cons products ore sold by Coow Steel Corp. Dish Es port Corp 


phase of metallurgy or some other 
tool-steel problem troubling you 
again, your distributor is at your 
beck and call. He's a real friend, 
They don't come any better. It will 
pay you to get to know him 
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AUTOMATIC AND HIGH SPEED MAG- 
NAGLO UNIT inspects ond processes steam 
turbine blades. By providing two-directional 
magnetization at the same time, it reveals 
cracks in ony direction in a single ‘pass’. An 
ideal method for lower cost, higher speed 
inspection needs. 


INSPECTING MAGNESIUM CASTINGS — 
Inspection, as such, cannot produce a better 
product. However, by translating Zyglo indi- 
cations into corrective measures the foundry 
can produce castings which meet the needs 
of their customers. Zyglo fluorescent pene- 
trant inspection detects such flaws as cold 
shuts, cracks, blows, shrinkage and dross in 
non-ferrous magnesium or aluminum castings. 


HALLMARK 

OF QUALITY IN 
NONDESTRUCTIVE 
TEST SYSTEMS 


avian 


Write for complete details concerning any 
of the above case studies, (excerpts from 
MAGNAFACTS), or ask for our new booklet 
on Lower Manufacturing Costs. 
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Case Studies: 


NONDESTRUCTIVE TESTI M G SYSTEMS 


= 


= 


Specially designed Magnofiux units tilt for inside outside inspection of hollow stee! propeller blades. 


How Lower Production Costs 
Can Result From “Customized” Testing 


Nobody expects to find defective propel- 
ler blades at 20,000 feet. Propeller manu- 
facturers must, and do, discover even the 
tiniest flaws during manufacture and before 
their products ever leave the ground. A 
battery of specially designed Magnaflux 
units insures defect-free production at 
the Wright Aero Corp. New Jersey pro- 
peller plant. 

Of course, you don't make propeller 
blades. Whatever your product, you can 
use low cost standard test equipment— 
or tailor-made production test equipment 
TO MEET YOUR OWN NEED! 

Magnaflux methods detect cracks, seams, 
porosity and other minute defects during 
the production process. By evaluating 
findings, the proper corrective steps are 
taken to eliminate early defects. Substan- 


HOW INVISIBLE FORCE DETECTS 


M nondestructive testing is based upon simple 
magnetic principles. A part to be tested is first 
magnetized—then magnetic powders or flvores- 
cent particles in oil are applied. Surface defects 


tial savings result from increased produc- 
tion, doing away with further processing 
effort on faulty parts, and from reduced 
scrap losses. 

If you're “up in the air” regarding de- 
fects in critical components, Magnaflux 
builds and sells nondestructive test equip- 
ment to meet your exact production-line 
or sample test needs. Or, if your operation 
requires only occasional reliable testing, 
why not investigate our Commercial 
Inspection Service, available on a low- 
cost basis in most major industrial 
communities? 

For detailed information regarding 
either service, write today, or contact one 
of our nearby offices for a personal get- 
together with an experienced Magnaflux 
field engineer. 


MECHANICAL DEFECTS 


cause o break in the magnetic field—iocal 
magnetic poles cause particles to be held on 
part to mark extent of defect. Above—a 
Magnaflux indication on grey iron casting. 


Take Your Inspection Problems to the House of Answers... 


MAGNAFLUX CORPORATION 


7346 W. Lawrence Avenue 
Cleveland 15 


New York 36 «+ Pittsburgh 36 «+ 


* Chicago 31, Illinois 


Detroit 11 Dallas 19 + Los Angeles 58 
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VANCORAM 
HIGH 

Where 
FERRO- 
CHROMIUM 


is manufactured to the highest quality standards by a special 
Standard ‘ process developed by Vanadium Corporation which results 
Grade : in a product of extremely low non-metallic content. 
Chromium 66/70% Three grades are available - ea h of a composition especially 
adapted for the applications intended. 
Every lot is carefully graded and is available in lump or 


ilicon 2.00% 
siticon 2.00% Max crushed form in various standard sizes. 


4 
Ferro- 


Chromium 60/65% 
Carbon 3.50/5.00% 
Silicon 2.00/4.50% 


Contact your nearest VCA Sales Office for full particulars 
on all VANCORAM PRODUCTS. There’s one near you. 


VANADIUM CORPORATION OF AMERICA 


p 420 Lexington Avenue, New York 17, N. Y. 
roducers of alloys, 
metals and chemicals PITTSBURGH CHICAGO DETROIT CLEVELAND 
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Foundry 
Chromium 62/66% | 
Carbon 4/6% 
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Casting 
cored 

Sigma blade 
demands 


* Advanced Know-How 


This 1500 lb. stainless steel sigma blade not only has to be corrosion 
resistant and dimensionally accurate, but it requires a 1!4" cored 
hole throughout its 12 foot length . . . and what’s more the hole must 
be centrally located with respect to the various cross sections. 


The story of how Cooper Alloy Advanced Know-How made this 
possible through the use of stainless steel pipe bent to the proper 
shape and water cooled during pouring is told in AKH#4. If you 
design or purchase cast stainless components you will find this, as 
well as the other case histories in this series, both interesting and 
valuable. A note on your letterhead will bring them by return mail. 


COOPER ALLOY 


CORPORATION «+ HILLSIDE, N.J. 


METAL PROGRESS 


Foundry Products Division 
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and mobile use, 
or stationary 
installation. 


INSPECTION CABINETS 
sliminate lead-lined rooms 


ACCESSORIES 


films, cassettes, tanks, 
themicals, darkroom 


PICKER... your 


for every need in indus 


PICKER X-RAY CORPORATION, 25 SO. B’WAY, WHITE PLAINS, N. Y. 
BRANCHES IN PRINCIPAL CITIES IN U.S.A. and CANADA 
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1715 AB ELECTRO POLISHER 
FOR METALLURGICAL SAMPLES 


New GREATER POWER 
0-5 amps usable D.C. 


New BUILT IM RECTIFIER 
po Requires only 110 V., 60 C., 1 Phase. 
Net’ \MPROVED CORROSION RESISTANCE 
Vitreous covered cell housing. 


Neus MODERN DESIGN 


Convenient separate units. 


New EXTRA VERSATILITY 
_——s Power source suitable for present and 
future AB cells, open beaker or other 
polishing or etching cells. 


New i's ALL NEW 
Except the dependable Buehler name and 
service and the “made in U.S.A.” quality. 


2120 GREENWOOD STREET, EVANSTON, ILLINOIS 
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Hasteuoy alloys were 
the only material tried 
that lasted for years 
in these installations. 


Hydrochloric 
Acid Pickle Bath 


Hot Hydrofluoric 
Acia 


Boiling Hydro- 
chloric Acid 


Aerated Sul 
huric Acid 
ickle Bath 


Hot Sulphuric 
Acid and Hydro 
gen Chioride 


Aluminum Chio 
ride Catalyst 


Hot Ferric 
Chloride 


HASTELLOY Alloys last for years 
under severe corrosive conditions 


These graphs were drawn from data on actual installa- 


tions of Hasretvoy alloys in severe corrosive media. No 
other material tried lasted more than six months in most 
of these installations, some considerably less than this. 
HasreL.oy alloys lasted for years. 

Use of Hasren.oy alloys saved time, money, and produe- 
tion time in all the installations. The graphs do not tell the 


entire story by any means. Some of the parts made of 


“eee 


Hasretcoy alloys were still going strong when the data 
were obtained, In some, corrosion was complicated by 
abrasion, impact, and the presence of contaminants. 
Samples for testing Hastettoy alloys under actual oper- 
ating conditions are available without obligation. Just let us 
know what corrosive conditions are involved, For a copy 
of a booklet describing Hasreccoy alloys, get in touch with 


the nearest Haynes Stellite ¢ aampany Office, 


HAYNES STELLITE COMPANY 
A Division of Union Carbide and Carbon Corporation 


UCC) 


General Offices and Works: Kokomo, Indiana 
Sales Offices 


Chicago Cleveland Detroit Houston Los Angeles New York San Francisco Tulsa 


“Haynes” and “‘Hastelloy”’ are registered trade-marks of Union Carbide and Carbon Corporation 
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3 years 
2 years | 
1 year | 
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Yes, a giant! The largest single machine 
ever built — a 50,000 ton closed die forg- 
ing press — is now in production at the 
Wyman-Gordon Air Force Heavy Press 
Plant, producing larger light alloy forg- 
ings with thinner sections and closer tol- 
erances than heretofore available. This is 
one of the several giants representing the 
greatest forging press capacity assembled 
anywhere under one roof. 


With this equipment augmenting exist- 
ing heavy steam hammers and mechan- 
ical presses ot Worcester and Harvey, 
Wyman-Gordon operates the greatest 
range of closed die forging equipment in 
the world. Now, as for nearly seventy- 
five years, there is no substitute for a 
forging and in forging there is no substi- 
tute for Wyman-Gordon experience, 
know-how and quality. 


WyYMAN-GORDON COMPANY 


Established 1883 


FORGINGS OF ALUMINUM ®* 


HARVEY, ILLINOIS 


MAGNESIUM 
WORCESTER 1, 


STEEL TITANIUM 


MASSACHUSETTS 


DETROIT, MICHIGAN 


+ 
de 


“5 years ago Cities Service solved all our 


lubrication problems and we've never had another 


A report from Banner Spring & 4 Slide Co., Van Dyke, Michigan 


These Were The Problems 5 Years Ago: Banner Spring 
& 4 Slide Company, maker of small parts for the auto- 
mobile, electrical and refrigeration industries, was 
having trouble. Ways, bearings, and drive shafts on 4 
Slide machines were getting insufficient film strength 
from lubricants and constantly burning out. Likewise. 
compressors were also running hot, and there was com- 
plete puzzlement over what type of lubricant to use 
for Banner’s high-speed sewing machines. 

Banner decided to call in a Cities Service Lubrica- 
tion Engineer. A thorough survey followed, with the 
man from Cities Service carefully examining each 
machine and its particular operating conditions 

This completed, he made his recommendations — 
Trojan H-2 Multi Purpose Grease for the 4 Slide ma- 
chines, Pacemaker No. | Oil for the compressors, and 
Pacemaker 00 Oil for the high-speed sewing machines. 

Banner followed these recommendations to the let- 
ter. Result: Not one lubrication problem in the past 
five years — despite the fact that machinery runs 24 
hours a day! 

If you're faced with a lubrication problem — or if 
you're just not sure if your present lubricant is best for 
the job — talk with the man from Cities Service. Or 
write: Cities Service Oil Company, Sixty Wall Tower, 
New York 5, N. Y. 
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SOME BANNER PRODUCTS: The firm makes al! 
kinds of round wire forms, wire springs, metal clips and 
flat springs. Use for such products ranges from auto 
fender support rods to “burlap listings” —the wire frames 
sewn into burlap which back up automobile upholstery. 


CITIES (A) SERVICE 


QUALITY PETROLEUM PRODUCTS 
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P&H DC Rectifier Welders 


Cut Power Costs Nearly 30% 


You take a big slice out of welding costs with the 
P&H DC Rectifier Welder. It can reduce your power 
bill for welding operations by nearly 30%, because it 
uses less current under load, and practically no power 
during idle and no-load periods. 


This P&H DC Welder gives you lower maintenance 
costs, too. There are no moving parts to wear out — 
no brushes, bearings, commutators, or brush riggings 
to replace — no costly downtime. 


You produce better welds — put down more metal 
with the P&H DC Rectifier Welder because it has 
the exclusive P&H Dial-lectric Control that gives you 


instant, exact heat. Just a twist of the wrist results 
in quick response within the entire working range. 

You get extra-value features too—protection against 
unbalanced conditions in the primary input line, 
thermal overload protection, primary line switch, 
range switch, remote control, and many other time- 
saving developments. 


Four sizes are available — 200-, 300-, 400-, and 
500-amp capacities. (NEMA rated). Write today for 
more information. 


HARNISCHFEGER 


MILWAUKEE 46, WISCONSIN 


I'M SMOOTHARC SCOTTY... 
and I'm loaded with 
information that shows how 
PeH DC Welders cut costs. 
Just drop me a line or 
send the coupon. 


w HARNISCHFEGER CORPORATION 
Welding Division 
4549 West National Avenue, Milwaukee 46, Wis. 


Attention: W. R. Stephens, Sales Manager 
Please send me information on P&H DC Welders. 


Name Title 
Company P&H DC Rectifier Welder with quick-acting 
Dial-lectric Available 


Company Address in 200-, 300-, 400,- and 500-amp capacities. 


City Zone State 
3088 


P&H welding equipment is manufactured and sold in Canada by REGENT EQUIPMENT MANUFACTURING COMPANY LTD., 455 King Street West + Toronto, Ontario, Canada 
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Inconel work-holding fixture is used in this giant drop — cal, Ine., 
bottom metal-treating furnace, 


installed at Metallurgi- 


"or on 


Minneapolis, Minn. Loftus Engineering Cor- 
poration designed and fabricated the furnace. 


Giant Fixture for Giant Furnace... 
hot strength of Inconel keeps it warp-free 


Look at this Inconel* nickel-chromium 
alloy workholder (inset). 


It’s more than seven feet in diameter. 
Suspends extra long, extra heavy, steel 
and aluminum parts vertically during 
heat-treatment. And also during the 
quench in oil, water, or hot salt. 


The furnace hardens, anneals, stress 
relieves, and normalizes. In controlled 
endothermic or neutralene atmos- 
pheres. At temperatures up to 2200°F. 
Despite all this, the Inconel alloy fixture 
has resisted corrosive attack, cracking. 
and warping more than a year. In fact, 
it looks almost new. 
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That’s because Inconel alloy has un- 
usual “hot” strength, withstands therm- 
al shock, 


oxidation up to 


and maintains resistance to 
2100°F, It also resists 
carburization and many other forms of 
attack by heat-treating atmospheres. 
What's more, Inconel alloy is readily 
fabricated, easy to weld. Specify Inco- 
nel next time you need a fixture to 
withstand severe conditions. 


Registered Trademark 


Inconel 


Equipment pictures available — 
Complete data on the use of Inconel 
at high temperatures is covered in 
picture-packed Inco booklet, “Keep 
Operating Costs Down When Tem- 
peratures Go Up.” Write for a copy, 
today 


THE INTERMATIONAL MICKEL COMPANY, INC 
67 Wall Street New Yok 5. NY 


4». 
INCO, Nickel Alloys — 


.. for long life at high temperatures 
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along the Norfolk and Western 
the plant site for you! 


You can build a steel mill along the NaW 
and be “next door’’ to coal and limestone. 
You can build directly alongside the water 
you need. You can avail yourself of short- 
haul advantages in transporting ore from the 
big, modern Port of Norfolk. 

The coal is the world’s finest Bituminous, 
and the supply is virtually unlimited. 

The limestone is top-grade . . . dolomites 
and high-calcium . . . the largest sources east 
of the Mississippi. 

The water is adequate for the needs of a 
steel mill of any logically conceivable size. 


We have eye-opening data on exceptional 
location advantages for steel mills. WE 
INVITE YOU TO CONFIRM OUR FINDINGS. 


Our plant location specialists will work with 
you in confidence and without obligation. 

The advantages outlined are exceptional. 
Investigate them. 


Write, Wire or Phone: 

L. E. WARD, Jr., Manager 

INDUSTRIAL AND AGRICULTURAL DEPT. 
Orawer MP-717 (Phone 4-1451, Ext. 474) 
Norfolk and Western Railway 

ROANOKE, VIRGINIA 


Norfolk anc. Western. Ralway 
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CONICAL MANDREL BENDS A SAMPLE. 
Diameter of bend varies from Ve in. to 
12 in.—determines adhesion quality of 
painted finish under bending stresses. 


QUALITY CONTROL MAINTAINS EFFECTIVENESS 
OF ACP PROCESSES 


Behind the operation of an ACP process in your plant is an efficient 
Quality Control organization. Physical tests of production-run panels 
processed in your equipment are made on such devices as conical man- 
drels and impact machines to determine the adhesion of the painted 
finish to the metal treated by the ACP process in use. Other equipment 
tests weathering qualities, rust and corrosion resistance, abrasion resist- 
ance—all are part of the complete ACP customer service. 


Ask us for more information about ACP processes for treating alumi- IMPACT TESTER STRIKES A TELLING BLOW 


num, steel, zinc, brass, copper and other metals, either for protecting indicates the ability of the painted finish to 
resist cracking when metal is deformed by a 


the metal or producing a bond for decorative and protective paint finishes. stool boll under o predetermined impact 


AMERICAN CHEMICAL PAINT COMPANY, Ambler 16, Pa. jpg 


DETROIT, MICHIGAN ST. JOSEPH, MISSOURI WILES, CALIFORNIA WINDSOR, ONTARIO ACP 
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‘Wissco Belts carry Libbey glassware through annealing lehr. The glassware—and the belts—are 
subjected to elevated temperatures for approximately an hour. This is another example of how... 


FAMOUS NAMES 
rideon WISSCO BELTS 
Libbey Glass Division of Owens-Illinois 


Libbey is a name that’s well known for glassware operation —for metals, ceramics, glass annealing 
of top quality. For its annealing operation, which and decorating. 

‘ helps insure this quality, Libbey purchased For details, write or call our rest office: 
four Wissco Belts of thin, flat construction with 
improved lehr edge. High heat is applied at the THE COLORADO FUEL AND IRON CORPORATION 


Denver and Oakland 


WICKWIRE SPENCER STEEL DIVISION 
of the lehr with stresses and strains equalized. Hew York + Philedelphia 


Wisseo Alloy Processing Belts are the choice of 


many famous names in industry —leaders in their WiISSC O BELTS 


fields. You, too, will find Wissco the most eco- 
PRODUCT OF WICKWIRE SPENCER STEEL DIVISION 
nomical and efficient belt for ev ery processing THE COLORADO FUEL AND IRON CORPORATION 


beginning of the operation, and then gradually 
diminished. The glassware emerges at the cool end 


2769 


TRADE-MARK 


HELIARC Cutting 


CUTS ALUMINUM AT SPEEDS UP TO 300 INCHES PER MINUTE 


Hettanc cutting, a new process developed by Linpe, 
brings all the desired features of economical high-speed 


operations to the cutting of aluminum. 


% Speeds never before possible: Normal mechanized 
cutting speeds are 300 in. per min. in '4-in. material, 
125 in. per min. in )2-in. material, 75 in. per min, in *4-in. 
material, and 50 in. per min. in |-in. plate, If desired, lower 


speeds can be obtained by simply adjusting the controls. 


* Straight lines, bevels, contours—no problem: Ihe 
new HeLiarc cutting process can be used mechanically or 


manually. Both setups produce high-quality straight line 


Linde Air Products Company 


A Division of Union Carbide and Carbon Corporation 


30 East 42nd Street 


Offices in Other Principal Cities 


In Canada: LINDE AIR PRODUCTS COMPANY 


Division of Union Carbide Canada Limited, Toronto 


New York 17, N. Y. 


cuts, bevels, circles, and shapes with revolutionary new 


speed and eff eney. 


Hewiarc cutting employs a high-temperature, high- 
velocity, constricted are between a tungsten electrode and 
the piece to be cut. The concentrated, columnated energy 
of the are stream melts and ejects a thin section of metal 
to form a kerf. The gas atmosphere (a combination of 


argon and hydrogen) prevents oxidation of the cut face, 


Learn the details of how Heuianc cutting can help you 
increase production and cut operating costs. Call your 


Linpe Representative today. 


Traode-Mark 


and Linde” ore registered trade-marks of Union Carbide and Carbon Corporation. 
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Do you really know 
the alloys you buy? 


For instance, are you SURE of: 


® Heat identification . . . not just type identification but 
the positive identification of your particular heat so you 
can be sure the alloy steel is everything it is supposed to be? 


@ Chemical analysis . . . not just the chemical range for 
the type, but the specific analysis of the heat from which 
your steel was rolled? 


@ Hardenability ... not just the average hardenability 
for the type of alloy, but the actual test-proved harden- 
ability of your particular heat of steel? 


If you don’t know these important facts, you may be in for 
trouble—loss of time and money; breakdown of equip- 
ment. It can happen when you're not sure of your alloys. 


But when you work with Ryerson alloys you can be 
sure—sure of the steel you get, sure of what it will do— 
because Ryerson alloys are certified by an 8-step quality 
control program. 


Every step has a specific purpose —every step is designed 
for your protection, but doesn’t cost you a dime. For alloys 
with all questions answered, call your nearby Ryerson plant. 


RYERSON STEEL 


PURCHASE 


PRINCIPAL PRODUCTS 


CARBON STEEL BARS~—Hot  STRUCTURALS — Chonnels, 
rolled & cold finished angles, beoms, etc, 


ALLOYS —Hot rolled, cold fin. PLATES — Many types including 
ished, heol treoted Inland 4.Way Sofety Plote 


STAINLESS — Allegheny bars, 
plotes, sheets, tubes, etc. 


TUBING —Seomien & welded 
mechanical & boiler tubes 


JOSEPH T. RYERSON & SON, INC, PLANTS AT: 


SHEETS —Hot & cold rolled, 
many types & coatings 


MACHINERY & TOOLS —For 
metal fabrication 


NEW YORK BOSTON PHILADELPHIA CHARLOTTE, N.C. CINCINNATI « CLEVELAND 
DETROIT « PITTSBURGH «© BUFFALO « CHICAGO « MILWAUKEE « ST. LOUIS « LOS ANGELES + SAN FRANCISCO «+ SPOKANE «+ SEATTLE 
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Progress 


Volume 70, No. 1 


Failures Forged End Bells 


Large Electric Generators 


Forged austenitic steel rings at ends of rotor shafts on two 


July 1956 


100,000-kw. generators in Toronto burst from overstressing 

in the region of ventilation holes. A variety of causes contributed 
to these brittle fractures in ductile austenitic alloy, such as 
stress concentration at holes, work hardened metal in the bores, 


, YEAR 1954 seems to have been a pe- 
culiarly unlucky one for large electrical gen- 
erators in North America. Bad accidents oc- 
curred to two 100,000-kw. machines in Toronto 
in the first week of April 1954, in addition to the 
failures of four rotor forgings discussed before 
the American Society of Mechanical Engineers 
last winter and summarized in Metal Progress 
in February 1956. The wrecked Canadian units 
belonged to a set of four generators driven by 
steam turbines, the oldest of which was put into 
service late in 1951; they were used for peak 
loads on the main Hydro-Electric Power Com- 
mission of Ontario's network, largely supplied 
by water power. Results of an exhaustive inquiry 
into these failures were presented on Feb. 15 by 
Sir Claude Gibb of C. A. Parsons & Co., Ltd., the 
manufacturer, in a paper entitled “Report on In- 
vestigation Into the Failure of Two 100-MW. 
Turbo-Generators” to the Institution of Mechani- 
cal Engineers* in London, and on Feb. 17 to the 
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and a variable pattern of residual stress. (S 21, Q 25, AY) 


Engineering Institute of Canada in Toronto.4 


What follows is a summary of this paper, with a 


few sidelights drawn from the discussion 
Failure of Austenitic Rings 


Early reports of the accidents ascribed them 
to explosions of hydrogen gas used for coolant 
and since the Bikini “hydrogen bomb” tests were 
underway at the same time, there was consider 
able newspaper play on this coincidence. It may 
be said immediately that hydrogen, either light 
or heavy, had nothing to do with the generator 
failures. Rather they were undoubtedly caused by 
the fracture of one of the two heavy forged rings 
called “end bells” which confine the return loops 


* Reprint, with discussion, from the Proceedings 


of the Institution of Mechanical Engineers, 1 Bird 
cage Walk, Westminster, S. W. 1, London, England 
Vol. 169, 1955, No. 29 

tThe Engineering Journal 
Montreal P.O 


2050 Mansfield St 
Canada, March 1955 
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Stator Core 


Support Ring 


Ventilating Holes 


Shrink 


Rotor Shaft 


Bottom of 


Coil Slots” 


Toward Turbine 


Fig, 1 


End Turns of Rotor Windings 


Casing for Cooling Gas 


Fan Blades 


Toward Excitor 


Sketch of End of Rotor Shaft in 100,000-Kw. Gen 


erator Showing End Bell Whose Function Is to Hold in Place 
Against Centrifugal Force the End Turns of the Rotor Windings 


of the windings at either end of the rotor shaft 
as shown in the cross section of Fig. 1 and the 
photograph, Fig, 2 
It is quite desirable that these end bells be 

made of nonmagnetic materials; a retaining ring 
of martensitic steel (magnetic) would materially 
decrease the efficiency of the generator, thus re- 
quiring larger windings for a required output. 
Likewise eddy currents in the magnetic bells 
would heat them unduly, Consequently much 
attention has been given to this detail, and 
several alloys studied. Apparently one austenitic 
steel has been widely used by British manufac- 
turers, a high-carbon 8-8-4 Ni-Mn-Cr steel of 
the following approximate Composition; 

Carbon 0.64 to 0.709% 

Silicon 0.37 to 0.45 

Manganese 7.23 to 8.18 

Sulphur 0.006 to 0.014 

Phosphorus 0.020 to 0.032 

Chromium 3.80 to 4.09 

Nickel 5.40 to 5.83 

The bell carries a high “hoop” load when in 

operation, arising from a combination of stresses 
which will be discussed later, so it is very desir- 
able that the rather soft and yielding austenitic 
steel be hardened and strengthened — and this 
can be done only by cold working (actually, 
warm working). For such a large ring as this - 
52.75 in. inside diameter, 3 in. thick and 21.25 in. 
long —cold working the ring requires very 
powerful machinery; in fact, special techniques 
had to be employed to achieve the required de- 
gree of cold working with the 4000-ton press at 
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the forge plant of the steelmakers Thos. Firth 
and John Brown, Ltd., of Sheffield.* 

“Cold working inevitably produces residual 
stresses in the finished ring, because improve 
ments in physical properties are a consequence 
of grain structure distortion. Depending upon 
the technique of manufacture adopted the resid 
ual stresses resulting from cold working almost 
certainly will vary considerably from end bell to 
end bell and from forgemaster to forgemaster 

“This is a feature which neither metallurgist 
nor designer likes. It has led to investigations into 
alternative methods of manufacture, including 
forging on a mandrel under a more powerful 
press, expanding on tapered mandrels of various 
sizes and rolling on a special type of tyre mill 

“The method of manufacture adopted depends 
upon existing facilities, upon the forgemaster’s 
experience and upon his opinions on the quality 
of the final product. Expanding on tapered man- 
drels ‘may residual 


possibly lead to greater 


stresses than forging under a hydraulic press 


while on a mandrel. Rolling is a preferred meth- 
od — always provided the rolls are capable of 
exerting a load sufficient for the cold work to 
penetrate through the full thickness of the end 
bell, since otherwise the inner and outer surfaces 
would be stretched, placing the center of the 
thickness in severe tension which would remain 
as residual stress, the worst possible condition 
for resisting the hoop stress due to the mass of 


the bell and the stress produced by the outward 


* Text in quotes is verbatim from the original paper. 
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thrust from inertia of the end turns of 
the rotor windings 

“To produce end bells of the dimen- 
sions required for the Toronto rotors 
a 4000-ton press was not powerful 
enough to forge over the full axial 
length after partial cold working; thus 
the forging tool was restricted in work- 
ing to approximately one-third of the 
length of the end bell by tilting the 
mandrel, 

“The program consists of seven steps 

“1. The ingot is cogged into a billet 
in a number of reheats, forging being 
carried out between 2000 and 1650° F. 

“2. The billet is cut into blocks under 
the press 

“3. The blocks are flattened (upset 
and the central hole punched and 
drifted under the press. The shape is 
trued by flattening and edging. 

“4. Hot expanding is carried out on a mandrel 
in two stages. 

“DS. The forgings are cooled and then rough 
machined 

“6. Expanding (by torging under the press on 
a mandrel) is carried out after heating the ring 
to 1925” F 


expanding commences 


then allowing to cool to 900° F. when 


“7. Stress-relieving, prior to final machining, 
by heating for 5 hr. at 750° F. and cooling in the 
furnace.” 

By the above manutacturing routine, end bells 
were produced to meet the specification’s mini- 
mum tensile requirements, namely, 112,000 psi. 
125,000-psi. ultimate 
and 30% reduction in area. 


vield (0.5% proof stress ) 
20% elongation in 2 in 
Acceptance tests for the two Toronto end bells 
which failed barely made the yield and ultimate 
but their ductility figures were well above the re- 
quired minima. Three tests on one bell accepted 
for machine No. 3 which was one that survived 


were low in ductility, one registering only 64% 
elongation! 

It might be well right now to say that a large 
number of tensile test pieces were cut in a tan- 
gential direction from the metal in the two rings 
which failed and from two other surviving To- 
ronto rings which were later fractured in a burst- 
ing test to be described. Results are summarized 


in Table I 


T means bell at turbine end 


wherein E means bell at exciter end: 


Test pieces in this series included those cut 


from metal as near as possible to the apparent 


origin of fracture, and from inside, outside 
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Fig 


of I 


Wreckage of Generator Unit Showing Portion 


ractured “End Bell” (Forged Ring) in Center of Photo 


and mid-section of the ring. Strengths were fairly 
uniform throughout the bells which failed — in 
fact more uniform than in No. 4-E which sur 
In all bells the ductility 


quite variable and in two thirds of the tests either 


vived however was 
the elongation or the reduction was less than the 
specified minimum 

“Some significance might have been attached 
to the results of these tests in relation to the fail 


ure of end bell No. 1-E” 


“except for the fact that much more satisfactory 


in the author's words 


values of elongation and reduction in area were 
obtained in the tests on the exciter end bell from 
No. 2 2-E ) 


service.” 


machine (No which also failed in 

Serious variability in the effect of the strength 
ening by cold work is evident from the ductility 
figures and from the fact that many of the test 
pieces — in fact all of the specimens from end bell 
No. 1-E — broke outside the middle half of the 
gage length 

In the discussion of this paper in London, V. | 
Vickers of the English Electric Co., Ltd 


that a precisely similar failure occurred in 1950 


said 


in a test pit when a completed 60,000-kw. rotor 
was being given its overspeed test. While his as 
sociates recognized the harmful effect of the ven 
tilation holes as stress-raisers and had ruled them 
out of their designs since 1950, they also believed 
that the considerable differences in amount of 
cold strengthening by forging introduced large 
unknown, but undoubtedly dangerous residual 
stresses. Consequently his firm started the prac 


tice of expanding the ring hydraulically in a rig 
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Table 1— Summary of Tensile Tests 


on Metal From End Bells 


sion, in both longitudinal and tan- 


1n Service| Bursrin Test 
PROPERTY 
| No. 1-E No. 2-E | No, 2-1 No. 4-E 
0.5% proof stress 
maximum, psi. | 119,000 | 125,000 | 123,000 | 131,000 
minimum 114,000 | 119,000 | 116,000 ) 106,000 
Ultimate strength 
maximum, psi 131,000 | 140,000 | 139,000 140,000 
minimum 123,000 | 133,000 | 135,000 | 124,000 
Ratio; maximum 96.4% | 89.99, 88.9% 93.5% 
minimum 87.7 | 89.3 85.5 82.9 
Elongation in 2 in 
maximum 50.5% | 279, 43.5% 51% 
minimum 12 | 20.5 23 | IS 
Reduction of area 
maximum s6% 31% 38% | 33.5% 
minimum 21.5 26 28 23.5 


ae gential directions. While much 
oiienn of this bi-axially stressed metal is 
removed in the final machining 
the designer should realize that ap- 
parently similar end bells may have 
112,000 


residual stresses at the surface of 
either compression or tension “of a 
magnitude likely to encroach se- 
riously upon the estimated margin 
of safety”. 


128,000 


Stress-Raisers 


Some questions were raised as to 
the desirability of metal in highly 
stressed service whose yield, as in- 


quite similar to Fig. 3 to produce a hoop stress 
equivalent to 95% of the lowest value of the yield 
stress shown in any of the acceptance tests. Some 
nonuniform permanent set invariably resulted, 
indicating either a redistribution in stress, or 
that there were some parts where metal of 
lower than average strength had yielded. Test 
pieces cut from such expanded rings showed 
much more uniformity in mechanical properties. 
Any distortion too large to be corrected by final 
machinitig should be cause for rejection. Further- 
more, ultrasonic surveys were made both before 
and after this final expansion. 

The Parsons firm’s present practice is also to 
test hydraulically all nonmag- 
netic end bells to a mean hoop 
stress of 78,500 psi., followed 
with complete radiographic, 
ultrasonic, and penetrant dye 


dicated by the minimum specified 
0.5% proof stress, is within 87.5% of 
the minimum specified ultimate (and which in test 
actually went as high as 96.4 and 89.8% in spots 
in the fractured bells and 93.5 and 88.9% in the 
surviving bells ). Whether this was a ruling factor 
in the failures at Toronto is doubtful, for the frac- 
tures, shown in Fig: 4, showed that the bell had 
broken with brittle failure at a place where it was 
weakened by three ventilating holes in line. 
“From the appearance of the fracture surface 
of the ring from No. 1 generator, it was deduced 
that fracture had started at mid-thickness in the 
ventilation hole nearest to the rotor, that is, the 
one nearest the tapered end. From that hole the 
crack had spread in each direction. There was 


inspection. 
As a supplement to this 


matter of variable stress con- 


dition due to cold working, it 
was also found by machining 
thin layers from the exciter 
end bell of Toronto unit No. 3 
that the surface layers on the 
inner bore carried a compres- 


sive stress in a circumferential 
direction of about 22,500 psi., 


and tensile stresses of about 
the same magnitude at the 


outside surface. Other rough- 
forged bells much 
higher stresses at the surfaces 
and of quite variable nature — 
some tension, some compres- 


showed 


Fig. 3 
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End Bell Under Test 


Pressure Oil Inlet Blow Of 
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Molded Seal Ring 


' Cast lron Center Piece 


Rig for Testing Bells for Bursting or for Fatigue 
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Below is fracture appearance; 


4— Broken End Bell of Toronto No 


It 


l Gen 
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thick 


Was After thé 


section 1s 


Re cou red 


3 im 


by 21.25 in. long; ventilating holes are 1 in. diameter 


evidence, too, that when the fracture reached the 
other two holes it started again in each instance 
at mid-thickness, 

“Examination of No. 2 after the failure 
showed that the end bell at the exciter end had 
fractured in an identical manner. 


set 


“There were no flaws or abnormal features 
which could be regarded as important; the bells 
had failed in an identical manner, which also 
seemed to eliminate the possibility of a local fault 
in the material. The appearance of the surfaces 
of that a crack had 
started near the center at a ventilation hole and 
was propagated normally to the plane of the prin- 
cipal stress to the tapered edge where the bell is 


each fracture indicated 


shrunk onto the rotor body, The remaining por- 


tion in the opposite direction appeared to have 
the nature of a shock fracture and to have parted 
more rapidly.” 

At the time the accident occurred, engineers in 
England were studying the failure of some fin- 
ished rings of this same austenitic material while 
resting in storage. The cause was determined to 
be called 


cracking. Such cracks can easily be discovered by 


stress-corrosion, sometimes season 
dye penetrants, and they have, as shown in Fig. 
5, a transgranular path in this austenitic steel. 
The cracks in the Toronto end bells were of an 
entirely different nature, being intergranular, and 
no trace of season cracking — nor fretting corro- 
sion at contact surfaces 


end bells. 


The designers had of course recognized that 


was found in any of the 


the round ventilating holes would act as stress- 
raisers, theoretically tripling at the bore the aver- 
age stress across the whole cross section, and it 
was not surprising when three of the surviving 
end bells from Toronto cracked through the ven- 


JULY 1956 


tilating holes when expanded in the heavy fixture 
sketched in Fig. 3. However, what might be an 
even larger effect resulted from the work harden- 
ing by the drill. Drilling these austenitic steels 
is a very difficult operation; carefully sharpened 
drills were used, and the ends were opened out 
to a proper radius. 

“Several hundred hardness tests were made on 
the internal surfaces of these holes, using a 10-kg. 
load with a Vickers diamond pyramid hardness 
tester. These showed variations from 351 to 657, 
while the parent metal away from the holes 
ranged from 280 to 340. Thus, there was consid 
erable work hardening on the surface of the holes 
which appeared to have no relation to depth of 
hole — that progressive 
with depth, but was a maximum at or about the 


is, hardening was not 


middle depth of the hole and the hoop stress in 
the bell is also a maximum at mid-depth. The 
work hardened skin of the hole was extremely 
thin and possible explanations are that the drill 
cuttings or swarf rubbed the surface, sometimes 
causing surface polishing and at other times 
causing scratches 

“This situation leads to stress concentrations of 
a high order. The surface of the holes was too 
hard and rigid to be relieved by plastic flow. The 
inability of the metal immediatels acl jac ent to the 
holes to spread the high stress by deformation is 
clearly shown by the increasing ductility appar 
Fig. 4) as the crack 


proceeds away from the hole. The holes vary in 


ent in the fractured surface 


surface finish, but without question the high 
hardness gives rise to increased notch sensitivity 
The fact that, in all the ventilated bells fractured 
in service or in high-pressure or in cyclic tests 


of 
through which the fracture took 


varying numbers holes other than those 


place were 
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cracked indicates a general, rather than a local, 
onset of the conditions which immediately pre- 
cede failure.” 

While much of the hardened skin on the sur- 
faces of these holes could be removed by “care- 
fully grinding at least 0.04 in. from the bore and 
subsequently honing to a very fine finish”, the 
bells undoubtedly will be safer if they contain no 
holes, Despite the circumstance, therefore, that 
ventilated bells had given completely satisfactory 
service in many other generators, C. A. Parsons 
& Co. has decided to eliminate the ventilating 
holes and to provide a direct-cooling flow of hy- 
drogen to prevent extra thermal stresses in the 


bells. 
Bursting Tests 


The first Toronto accident, generator No. 1, oc- 
curred after a week-end shutdown and within 
20 min. after it had reached speed but was gen 
erating only 10,000 kw. Previously it had 567,519 
hr. of service, since its installation in October of 
1951, had 100 starts from week-end or other shut- 
downs, and 17 overspeed trip tests. (While these 
generators were used for peak loads in morning 
and evening hours, they normally coasted at 
about 10,000 kw, during the idling hours, except 
at weekends.) Generator No. 2 had 685,199 hr. 
of service since its installation in February of 
1952, 77 starts from shutdowns, and 17 overspeed 
trip tests. Its end bell let go on a Monday morn- 
ing after it had been at full load for about 3 hr. 
Generators No, 3 and 4 had less service, being 
installed in November of 1952 and June of 1953. 

All the six intact end bells were removed and 
sent to England for examination. Two major 
investigations were made on these forged rings; 
three were used to determine the mode of frac- 
ture under steadily increasing hoop stress, two 
others were used to determine the mode of frac- 
ture under cylic stress, and the third to investi- 
gate internal stress by Sachs’s method. 

These bursting tests were made in the heavy 
rig sketched in Fig. 3 wherein oil could be 
pumped at high pressure into the annular space 
between the end bell under test and the cast iron 
center piece, The ventilation holes were blanked 
off with inner and outer washers, and suitable 
strain gages attached. Results on three intact 
bells from Toronto, one undrilled replacement, 
and four smaller (37-in.) bells are shown in 
Table IL. 

All the bells noted in Table IL which cracked 
failed quietly without the crack spreading, ex- 
cept Toronto No. 4, exciter end, which failed 
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with such explosive force as to damage the test 
equipment and with a fracture almost identical 
to Fig. 4. No less than 24 holes in the Toronto. 
1-E and 68 in Toronto 2-E (which had failed in 
service) showed minute surface cracks. None 
of the ventilated bells tested as above had such 
cracks before testing, but 2-T had 12, 3-T had 
9, and 4-E had 26 holes showing tiny cracks after 
testing. The microscope showed that these 
cracks were invariably intergranular. 

This indicates, therefore, that despite the 
stress-raising action of the holes, the 8-8-4 
Ni-Mn-Cr steel rings, cold worked and fabricated 
as described, will stand nearly 80,000-psi. mean 
hoop stress without exterior evidence of failure 
and this stress is about 70% of the minimum yield 
and 65% of the minimum ultimate. How does 
this compare with the estimated working stress? 

“The hoop stress applied in service during 
normal running conditions to the Toronto end 


Fig. 5 Micrograph Showing Typical Trans 
granular Stress-Corrosion (Season Cracks) 
in 8-8-4 Ni-Mn-Cr Nonmagnetic Steel 


Fig. 6 Intergranular Cracks Found 
in End Bell From Toronto Gener- 
ator No. 1 After Failure in Service 
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bells was 43,000 psi. from cen- 
trifugal loading of the copper 


Table 


Bursting Tests on End Bells 


coils within and from its own 
mass. At the nose of the bell 
where it is shrunk to the rotor 
body, the total stress is 58,000 
psi. when both rotor and bell 


loronto No 2 
Toronto No 


are cold, but is appreciably undrilled 
less under normal operating 
temperatures, when body and 


bell are warm, because of the 


/ 
/ 

/ 

/ 


Toronto No ] 

loronto replacement, 


-in. drilled bell, 
-in. drilled bell, 
-in. undrilled bell, new 
-in. undrilled bell, new 


Mean Hoop 


BO 000 psi 
88 000 
94.700 


Cracked through two holes 
Cracked at one hole 
Fractured completely through 
three holes 

97,400 Expanded without cracking 
used 96200 
9] 
111,500 


(Cracked at one hole 
Cracked at one hole 


Expanded without cracking 


new 


Expanded without cracking 


greater expansion coefficient 
of the austenitic bell material. 
As described below, the stress at this shrunk end 
could be increased were the rotor body to be hot 
after coming off a high load and the end bell 
appreciably cooler.” 

Obviously the stress due to shrink is greater 
than the stress due to inertia at normal speed 
and is about 72.5% of the minimum bursting load 
in the above tests, and little more than 50% of the 
specified minimum yield. However, an appendix 
which calculates the accumulated stresses due to 
(a) shrink, (b) hoop stress and (¢) axial bend- 
ing in an end bell acting elastically under various 
temperature conditions shows that the highest 
total tensile stress appears to be 2.5 in. from the 
shrink joint and is about 78,500 psi. when the end 
bell is 35° F 


ings, as is expected sometime after reaching nor 


cooler than the rotor and its wind- 


mal running speed. This appears to be perilously 
close to the minimum bursting strength of the 
ventilated end bells which were tested to destruc 
tion. Furthermore the extra stress at the shrink 
after the machine has been shut down and the 
end bell cooled about 40° F. below the still-warm 
rotor will induce a total hoop stress at the shrink 
of about 72,500 psi., which is considerably above 
the 62,000 psi. which started fatigue failure in 
surviving bells in a relatively few cycles, as will 
now be shown. 


Fatigue Tests 


There remains the question as to whether the 
fluctuations in loads set up by the numerous 
shutdowns and overspeed trials would induce 
fatigue failure at unexpectedly low stresses. This 
was investigated in the fixture shown in Fig. 3, 
wherein the interior pressure was varied cycli- 
cally within chosen limits 

The surviving bell from the turbine end of 
Toronto generator No. | failed after 
of stress from zero to 62,000 psi 


76 evcles 
mean hoop 
stress, fracturing beginning at the hole in a row 
of three similarly placed to the ones involved in 


JULY 1956 


the Toronto failures (and to Toronto No, 4-F in 
the bursting test) 

Next, the surviving bell from the turbine end of 
generator No. 4 was tested in a series of increas 
ing steps: 500 cycles at 41,500 psi. mean hoop 
stress, 500 cycles at 53,000 psi and 464 cycles at 
62,000 psi whereupon it cracked at a hole near 
the shrink end 
hole prior to the last run 

Finally an undrilled replacement withstood 
924 cycles at 67,000 psi. without damage. 


No cracks could be found in any 


“The cracks produced in these cyclic tests 
were similar to those produced in the single 
There was no deforma 
the holes, but as the 


cracks extended away from the holes the material 


loading pressure tests 
tion of the material near 
deformed in front of them. It seems clear that 
the failures were produced because cracks can 
be started at the surface of the holes under re 
peated applications of a lower stress than that 
required to start them in one applic ation.” 
Rotating-beam fatigue test specimens, cut from 
the Toronto bells, showed that the endurance 
limit of stee] 17,000 psi 
This is rather low, being about 35% of the ulti 


strength 


the austenitic was 


mate tensile whereas it should be 
The stress con 
ditions in this test (from 47,000 tension to 47,000 
different 


stressing (from zero to 62,500 psi. tension 


nearer 469 in martensitic steels 


compression) were so from service 
that 
a Haigh machine was used for fluctuating axial 
loads. At the quoted service loadings the test 
pieces broke at 1,600,000 cycles. Thus the actual 
performance of the steel was “very far below 
that 


testing . 


which would be expected from fatigue 


The Brittle Fracture 


“The Toronto failures had a close resemblance 
to the ‘brittle fractures’ that 


welded ships, high-pressure gas mains, fluid stor 


have occeurre d 


age reservoirs and other structures, character 
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ized by high general stress and the presence of a 
surface crack or a constructional feature which 
introduced a concentration of stress — especially 
if aided by a localized deficiency of ductility 
that may start a local or restricted crack, which, 
entering the region under general stress, sets off 
therein an extensive crack of great suddenness 
and probably with catastrophic consequences. 

“These conditions of high general stress, pres- 
ence of a stress concentration and local deficiency 
in ductility are those which apply to the end 
bells. The failures would thus begin at points 
of stress concentration which might be cracks 
formed at the surface of holes, and the cracks 
propagate rapidly. Furthermore, the surface of 
these fractures showed chevron-like markings 
which enabled the point at which the failure 
began to be identified. 

“The only respect in which the failures in the 
end bells differed from the characteristic mild 
steel brittle fractures was that they were inter- 
crystalline and not transerystalline or cleavage. 
This may be because the end bells were of 
austenitic steel in which fracture normally is 
intercrystalline*, whereas in mild steel fracture 
is normally transcrystalline. 

“A large number of investigations have been 
carried out on brittle fracture to ascertain the 
conditions under which it occurs and many fac- 
tors have been suggested as contributing to it. 
Of these, the main ones seem to be the presence 
of a multi-axial stress system (insofar as the stress 
system may limit ductility and thereby promote 
cracking ), a notch of some kind, a low te mpera- 
ture and low notch toughness in the steel. These 
factors apply particularly where a brittle crack 
is initiated. After initiation, a brittle crack may 
spread extensively where the general stress sys- 
tem may be only simple tension — for example, 
the circumferential tension at the shell of a 
cylindrical storage reservoir —the spreading 
crack itself carrying with it as it travels its own 
stress concentration feature and system of com- 
plex stresses, 

“Various combinations of these factors may 
cause brittle fracture. For example, if the notch 
is very sharp and the temperature very low, it 
may not be necessary for the steel to have a low 


*In the discussion in England, Charles Sykes, 
chief of the Brown-Firth Research Laboratories, said 
that some carbides precipitated at the grain bound- 
aries in the austenitic steel, and that deficiencies 
in ductility and low Izod impact values could be 
correlated with larger amounts of grain-boundary 
precipitate, It occurs to the Editor that this pre 
cipitate might also favor an intererystalline fracture. 
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impact toughness to fail. Whereas if the notch is 
sharp and the steel has a low impact toughness, it 
may not be necessary for the temperature to be 
low for failure. 

“It is clear that in addition to the fact that 
the fractures of the end bells had most of the 
characteristics of brittle fractures, the conditions 


of service conformed with the circumstances 
under which brittle fracture may occur. The hoop 
stress, shrink stress, thermal stress, and residual 
stress could, in combination, give a resultant 
stress high enough to support the propagation of 
a brittle fracture in a susceptible material if 
initiated by a feature of sufficient intensity. This 
is the significant and important fact of a brittle 
fracture because usually working and design 
stresses exceed those able to support propaga- 
tion. The nonmagnetic steel has a relatively low 
impact toughness. At times the temperature of 
the bells was low and the holes and small cracks 
formed in them by repeated cycles of stress 
would provide the notches required to start brit- 
tle fracture.” 


Conclusion 


In conclusion it might be stated that the ad 
vantages of austenitic over martensitic alloys 
are real to the performance of large generators. 
The more-or-less standard 8-8-4 Ni-Mn-Cr alloy 
can only be hardened by warm working. Alter- 
native nonmagnetic alloys capable of being 
quence ‘h hardened are too susce ptible to season 
cracking for utilization. Grain-boundary precipi- 
tates during fabrication operations can be mini- 
mized by rapid cooling through the temperature 
range favorable to their nucleation and growth. 
Cold expansion of the rough machined end bell 
will iron out many variations in internal strength 
and residual stress; carefully controlled machin- 
ing operations on the final finishing cuts will 
minimize sizable stress concentrations of unpre- 
dictable nature at the interior and exterior sur- 
faces. Since about one half the working stress 
arises from its own mass, increasing the thickness 
of the end bell (and consequently also its radius 
of gyration) only slowly reduces the working 
stresses. 

The conclusion is that the most obvious source 
of weakness, the ventilation holes, must be elimi- 
nated, and the thermal stresses controlled by 
revised techniques of hydrogen cooling, so that 
the operating temperatures are not only low (to 
protect the insulation and the conductors) but 
also uniform (to avoid large thermal stresses 


in the end bell). eo 
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Circular Groove Test Specimen 
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Selection of 
Stainless Steel Electrodes 
for Trouble-Free Welds 
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Section A-A 


By R. DAVID THOMAS, JR.* 


Welding cracks in Type 347 

can be eliminated by using an electrode 
which will produce a weld 

containing a small amount of ferrite. 
Such welds require heat treatment 

to prevent embrittlement 

in service. (K 1, SS) 


io CHROMIUM-NICKEL Stainless steels are readily 
weldable and for many years the only major problem asso 
ciated with stainless weldments was localized intergranular 
corrosion in a zone parallel to the weld bead, Such corrosion 
is the result of precipitation of carbides at grain boundaries 
and can be avoided by using an alloy like Type 347 which 
contains about 1% columbium to stabilize the carbon 
Unfortunately, in recent years when Type 347 weldments 
have been required in heavy sections or for long-time, high 
temperature service, or for low-temperature service where 
high impact strength is necessary, some new problems have 
arisen both during welding and in service, associated with 
cracking and embrittlement of the weld metal 


For many years we in the welding industry have recog 


nized that sound weld metal can be guaranteed if we 


load the composition with ferrite-producing elements, like 
chromium, silicon and columbium, and keep the austenite 
forming elements, like carbon, nickel and manganese, to a 
minimum. A two-phase microstructure with 4 to 10% ferrite 
in a matrix of austenite has long been considered ideal for 
weld filler metals of the 347 type. Welds containing no 
ferrite, frequently called “balanced composition” welds 
will invariably show a marked tendency to hot tears, eithes 
as gross cracks or fine microfissures, and often have little or 
no tensile ductility. 

Unfortunately, the secondary ferrite phase is not de 
sirable for long-time service at high temperatures. It is 


high in chromium and silicon and low in nickel so that it 


*Executive Vice-President, Arcos Corp., Philadelphia 
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The Schaeffler Diagram Used to 
Compute the Amount of Ferrite 
Present in Stainless Weld Metal 
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may transform to the sigma phase at certain 
elevated temperatures. This transformation causes 
a loss in notch-impact ductility and also, in some 
instances, a loss in corrosion resistance. 

Imagine, now, the metallurgist who is called 
upon to specify the filler metal for use in welding 
the high-temperature steam piping for a new 
stationary power generator for operation at 
1100°F. For such service the wall thickness might 
well be 1% to 2% in. so that the thermal stresses 
during welding are enormous. Cracks in the weld 
metal cannot be tolerated so a welding rod that 
will produce a weld metal with at least 4% ferrite 
should be used. Such a weld metal, however, 
will in time become embrittled in service. 

No one is sure why ferrite in an austenite 
weld metal structure is so effective in overcoming 
cracks and fissures. A number of theories and 
explanations have been suggested and most have 
this in common: Cracking is caused by interstitial 
residuals. | like to visualize that when the molten 
metal is solidifying, it sends out a “tree” of ferrite 
which somehow collects and distributes in small 
increments these undesirable residuals within the 
core of the advancing dendrite. In the absence 
of the ferrite — that is, when austenite is formed 
directly from the molten weld —the residuals 
are gradu: lly accumulated and pushed ahead of 
the advancing dendrite and collect in the grain 
boundary. Shrinkage stresses cause these weak- 
ened areas to pull apart into fine cracks on 
fissures. 

We are accustomed to thinking of the austen- 
itic stainless steels as single-phase equiaxed 
grains of austenite because that is what we almost 
invariably see when we examine wrought plates, 
sheets or bars. We forget that the original ingot 
was two-phased with a little ferrite in a matrix 
of austenite. Under equilibrium conditions, all 
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Chromium Equivalent =%Cr + % Mo+1.5 x % Si+ 0.5 x % Cb 


of the ferrite would have transformed to austenite 
but the ingot cooled so rapidly that “cores” of 
dendrites remained as ferrite. Hot rolling or 
forging the ingot facilitates the homogenization 
of the structure, causing all of the ferrite to be 
absorbed by the austenite. 


Welding almost invariably results in a quench 
even more severe than that occurring in an ingot 
when it freezes. Hence, it is customary to find 
in stainless steel a dendritic cored structure with 
ferrite islands surrounded by austenite. The 
amount of ferrite in the structure can be com 
puted from its chemical composition by using the 
time-tested Schaeffler diagram. In such a com 
putation the composition of the metals being 
welded must be considered, since they contribute 
a third, and sometimes, as when using the sub- 
merged-arce process, half of the metal in the 
weld bead 

Most Type 347 pipe is produced with chro- 
mium on the low side and nickel on the high side 
of the specified range. Consequently, a filles 
metal which undiluted would give 5% ferrite may 
have no ferrite when diluted with a base metal 
rich in austenite-forming elements. This is one 
of the reasons that cracking occurs most fre 
quently in root pass welds. 

This ferrite which is so beneficial in eliminating 
cracks during welding presents a serious problem 
in service at temperatures at which it can trans- 
form to the brittle sigma phase. The resultant 
embrittlement could cause a failure in the steam 
line, a catastrophe in which a man’s life might 
be at stake 

Time is an important factor in the formation 
of sigma. The ferrite usually transforms slowly 
to sigma but occasionally Type 347 vessels will 
become embrittled during the relatively short 


heat treatment cycles if the ferrite content is 
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Typical Two-Phase Structure 
of Stainless Steel Welds 
Etched in aqua regia 
glycerol; 500 7% ferrite 


over 10%. The embrittlement due to sigma forma- 


tion can be substantially reduced by a spher 
oidizing or solution anneal. The answer to the 
sigma embrittlement problem is to refrain from 
using an excessive amount of ferrite and to 
specify that it be spheroidized by a high-tem- 
perature anneal before the weldment is put in 
service. Such a technique is now the only practic- 
able solution, but current development programs 
indicate that better methods are possible. 

In the course of a development program spon- 
sored by the Atomic Energy Commission on all 


aspects of this welding problem, the prevalence 


Amount of Cracking in Circular Groove Test 
Is a Function of Weld Metal Composition 
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of cracking in fully austenitic welds was found to 
be greatly influenced by certain elements in the 
composition of the weld metal. The detailed 
results obtained so far under this program have 
been published elsewhere. The following remarks 
summarize some of our findings relating to crack 
ing in fully austenitic compositions and to the 
selection of stabilized stainless weld metals for 
various service applications. * 

We used a 
(see p. 73), which in most 
cracking if the 


circular-groove — test specimen 
instances caused 
microstructure contained no 
ferrite. A single bead is deposited in the root of 
the circular groove in the test piece and after 
cooling is examined visually for cracks. In such 
a test we were free to vary both the filler metal 
and the base metal and were amazed that the 
pattern of results we obtained was so beautifully 
consistent, 

The complete data are being analyzed by an 


electronic computor but the effects of the im 


portant variables are illustrated in the graphs 


on the next page. In all instances chromium and 
nickel were about 19 and 13% respectively. Nickel 
was maintained at the high level to avoid the 
possibility that any variable might cause the for 


mation of ferrite and thereby 


suppress any 


cracking. The results indicate that cracking can 


*The entire program is under the technical 
guidance of a committee headed by V. N. Krivobok 
and including F. W. Davis, M. A. Scheil, W. O 
Binder, RK. B. Gunia and W. B. DeLong. The crack 
ing tests were supervised by L. K. Poole and mor 
recently by T. J. Moore. The continuing program is 
under the general survey of H. C. Campbell, who 
was recently added to the Advisory Committee 
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be eliminated by making the composition high 
in manganese, low in phosphorus and silicon, and 
with as much carbon as possible. Such a ferrite- 
free weld has adequate stability without the need 
for a spheroidizing anneal. 


Recommendations 


It is beginning to appear that the solution to 
welding Type 347 is not to use Type 347 steels. 
Each month more and more applications call 
for the use of Type 304 L instead of 347. One of 
the big advantages of the columbium-free alloys 
is that they do not become embrittled even when 


they contain a normal amount of ferrite. 

For the welding of Type 347 steels for service 
from room temperature up to 800° F., the stand- 
ard grades of Type 347 electrodes, which pro- 
duce a weld metal containing 4 to 10% ferrite, 
are quite acceptable, For the very best properties 
a solution treatment at 1950° F. is recommended, 
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Effect of Carbon, Manganese, Phosphorus 
and Silicon Contents on Weld Metal Cracking 


but for most vessels, the expense and difficulties 
of such a treatment make it impractical. Even 
so, the as-welded properties of the joints are 
adequate for most types of service. 

For elevated-temperature service, conventional 
347 filler metals should prove satisfactory, provid- 
ing a restricted range of ferrite (2 to 5%) is 
specified. A solution anneal is mandatory for 
long-time service at elevated temperature. If a 
solution anneal is not feasible, some consideration 
might well be given to the new high-manganese 
type of fully austenitic weld metals. 

For pressure vessels for very low-temperature 
applications, 347 welds should be solution an- 
nealed if 15-ft-lb, Charpy notch impact values 
are to be consistently obtained. A better answer 
is to select Type 304L base metal and Type 
308 L. weld metal. 
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Use Tap Water 


m 


Magnetic Particle Inspection 


By J. L. McCABE and B, HIRST* 


lap water with suitable rust inhibitors and wetting and antifoaming 
agents may be substituted for the petroleum distillate now used 
as a medium in magnetic particle inspection systems, (S 13) 


Te PETROLEUM distillate which has been 
used as the carrier in magnetic particle inspection 
systems for about 20 years has many disadvan- 
tages. It is a fire hazard and many fires have been 
started in automatic inspection machines when 
electric sparks at worn contacts have ignited the 
bath. Occasionally the distillate has been re- 
sponsible for skin reactions among operators who 
were allergic to it. Other disadvantages include 
its comparatively high cost, difficulty in remov- 
ing it after inspection and the possibility that 
parts will rust after its removal. 

Water has often been tried in the past as a 
substitute medium but was never satisfactory 


because of rusting, inability to wet the parts com- 


pletely and difficulties in securing the proper 


dispersion of iron oxide pastes in the bath. These 
problems can be overcome by using water-sol- 
uble 


antifoaming agents 


rust inhibitors and suitable wetting and 


so we can now use clean 


tap water with the proper additives as a carries 


for both the visible and fluorescent particles used 
in magnetic inspection 

In preliminary tests conducted on a standard 
ANQ machine, we used a great variety of test 
parts to determine the minimum amount of addi- 
tives required to give a sensitivity equivalent 
to that obtained with the petroleum distillate 
medium. The most satisfactory compositions are 
Results of the initial tests 


were so encouraging that the Air Force approved 


shown in the table 


a temporary deviation from MIL-1-6868 to per- 
mit us to continue the investigation with produc- 
tion parts and production inspection equipment. 
The equipment included an automatic machine 
used to inspect COTNAPTESSOL blades ih assembled 
rotors, a Type ANQ machine used for inspection 
of small parts and a Type MAV automatic ma 


chine used for inspection of compressor blades. 


*Evendale Operating Dept. Laboratory 
General Electric Co 


Aircraft 
Gas Turbine Diy vendale, 


( Ihio 


Compositions Used for Magnetic Particle Inspection 
I 


OZ 
l oz 


Oil suspension, visible paste 
Fluorescent paste 


Water suspension visible paste 5 oz 


Fluorescent paste 1.0 oz 


Paste* 


No 
No 
No 
No 


Bast WaTeR 


9B Red | 
10 
29 Red 


12 5 


| gal. petroleum distillate 
10 gal petroleum distillate 


/ o7 vehicle? 


water 


/ oz. water vehicle! 


*Magnaflux Corp. designation 


tProperties of petroleum distillate are 


closed cup, 135° F. min.; initial boiling 


tComposition is 0.3°, antifoam agent 
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kine tic 
190" I 


viscosity at 100" | centstoke 


F. min 


12.6%, wetting ag 


fash point, 
min.; final boiling 


rust inhibitor tap water 
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Complete records of all production parts tested 
were made as well as pertinent information con- 
cerning the stability and performance of the 
baths. Frequent tests were made on paste con 
centration, “sensitivity” of the method and wet- 
ting ability of the baths. 

The sensitivity of the water-base magnetic 
particle inspection methods was tested in’ the 
following manner: 

1. Selected parts such as gears, blades and 
bolts with known defects were inspected by the 
standard visual method, by the visual method 
using a water vehicle and by the fluorescent 
magnetic particle system employing water. Sensi 
tivities were found to be equivalent in all meth 
ods, as shown in Fig. 1 and 2. 

2. Large production lots of small parts which 
had been found acceptable by the new method 
were rechecked by the standard method, The 
inspections were performed by two separate 
groups of certified inspectors, The results of this 
comparison were identical. 

3. Parts with known defects were introduced 
into production lots and were successfully seg- 
regated by operators using the water-suspendible 
Huorescent magnetic particle method. These 


S 


Fig. 1 — Grinding Cracks 
on Involutes of Gear 
Teeth. Top — Oil suspend- 
ible magnetic particle 
method. Center—Neu 
water-suspendible visible 
magnetic parti le method 
Bottom — New water-sus- 
pendible fluorescent mag- 
netic particle method 


operators were unaware that the defective parts 
were deliberately included. 

Before testing, it is essential that all oil, grease 
or other foreign matter be thoroughly removed 
by vapor degreasing. Vapor degreasing was not 
feasible for cleaning the assembled rotor be- 


cause of its size. A pressure spray wash solution 
consisting of the vehicle base combined with 
tap water in a 1:10 ratio and used at a tem- 
perature of 160 to 180° F. was found to be satis- 
factory for these assemblies. Adequate cleaning 
is indicated by complete wetting of the part in 
the magnetic particle solution. 

The components can be inspected by either 
wet continuous or residual techniques. There 
is no change in the current or number of mag- 
netizing charges from that used in oil-suspend- 
ible solutions. With visible paste there is no need 
for any special facilities for examination. Fluor- 
escent paste inspection must be conducted under 
a black light in a darkened booth. 

After inspection the parts are washed in a 1:10 
solution of the vehicle base in tap water at 160 
to 180° F. 

Prior to charging a machine with water-sus- 
pendible paste all parts of the unit must be thor- 
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Fig. 2 — Seam in Shank of 
Bolt Top Oil-suspend- 
ible magnetic particle 
method. Center Neu 
water-suspendible visible 
magnetic partic le method 
Bottom — Neu 
pendible fluorescent mag 
netic partic le method 


water-sus 


oughly cleansed of old paste and of petroleum 
distillate since the two systems are incompatible, 
Traces of the oil-suspendible SY stems cali make 
the detection of flaws highly problematic. During 
operation the system should be frequently 
checked for the wetting ability of the suspension 
by flowing the solution over a test specimen. If 
the solution does not cover the specimen thor- 
oughly and tends to run back from the edges, an 
additional amount of vehicle base should be 
added until complete wetting is obtained. Con 
centration of particles is determined by filling 
the usual 100-ml. centrifuge tube and allowing 
it to stand for a half hour. At the end of this 
period the precipitation in the tube for the 
fluorescent paste should not be less than 0.1 nor 
more than 0.3 ml., and for the visible paste not 
less than 1.7 nor more than 2.5 ml 

During use some evaporation takes place and 
it is necessary to add tap water for make-up. It 
is convenient to reference-mark the solution level 
in the machine to determine when additional 
water is needed, 

When a final 1:10 wash of vehicle base and tap 
water at 160 to 180° F. is used and allowed to dry 


on parts that have been inspected, rust is in 
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hibited sufficiently for transient storage. Test 
pieces after such preparation have been exposed 
to the atmosphere for periods up to one month 
Others have been subjected to 100% relative 
humidity at 100° F. for similar periods, Parts kept 
in finished stores for 30 days with no other pro 
tection have been regularly examined, In none 
of these instances was there any evidence of rust 
For extended storage, specially compounded rust 


inhibitors are used. Resistance of the 


part to 
fingerprint corrosion after this wash has not been 
fully evaluated 

The water-base systems are at least as sensitive 
as those using petroleum distillate and cost much 
less. In addition they have eliminated or reduced 


the fire and health hazards associated with the 


petroleum distillate. The rust-inhibiting prop 
at least 


erties of the new mediums are effective 
for short-time protection 

Potential users of the new water suspendible 
mspection systems must obtain approval from 
Wright Air Development Center when Air Force 
contracts are involved. It is expected that new 
Federal specifications will eventually be issued 
to permit the use of the water-base mediums as 


alternate methods of inspection 
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Frontiers of Atomic Science’ 


hag us consider one area of modern science 
and mathematics having to do with mole- 
cules, atoms and subatomic particles. Remem- 
ber, no one has ever seen a molecule. Let us 
start around the turn of the century when 
investigations in thermodynamics and mathe- 
matics showed us how to predict the course 
and extent of chemical reactions. With the aid 
of these new tools, man began to juggle mole- 
cules large and small and make plastics, synthe- 
size alcohol and crack petroleum. 

By that time man had learned that atoms 
were not indivisible particles but that their 
central cores were very minute and contained 
most of the mass, and that the shell was mostly 
empty space with a certain number of light 
electrons, Later was the amazing discovery that 
the faster an electron moved, the heavier it 
became! 

Mathematical relationships between wave 
lengths and energy of radiation emitted from 
“excited” atoms led to the first really funda- 
mental discovery in the structure of the atom. 
Experimental and mathematical investigations 
continued on what were called “stripped” atoms 

that is to say, neutral atoms from which one 
or more layers of orbital electrons have been 
removed, Man had begun to attack the nucleus 
itself, 

While Rutherford’s experiments during World 
War I failed to “split the atom”, he quickly 
established the basic mathematical laws govern- 
ing radioactive decay and formation. In 1932 
Chadwick discovered the neutron —a_ charge- 
less atomic particle with about the same mass as 
a hydrogen atom. In relatively quick succession 
came the discovery that the nuclei of various 
elements could capture neutrons and produce 
radioactive materials, culminating in the ex- 
periment wherein uranium was fissioned by 
capturing a neutron and with the release of a 
perfectly enormous amount of energy. 

In 1906, Einstein (a theorist rather than an 
experimentalist) had published his equation 
showing how much energy could be released by 


*Verbatim extracts from “More and More 
About Less and Less”, address at Phillips Andover 
Academy by George G. Manov, technical assistant 
to Commissioner Willard F. Libby, U.S. Atomic 
Energy Commission. 


50 


converting matter into energy. Nevertheless 
extremely accurate quantitative measurements 
made a few years later showed that if there 
were such a gain or loss, it could not exceed 
the experimental error of one part in one hun- 
dred million —a statement which is still true, 
but it does not apply to the reactions of the 
nucleus of the atom. (Einstein's equation ex- 
plains the release of energy during fission of a 
heavy element, and during radioactive decay. ) 

The search for smaller and smaller particles 
continues. Subnuclear particles such as mesons 
antiprotons, neutrinos, some discovered several 
years ago, and some only recently, fascinate us. 
The neutrino, in particular, is an interesting ap- 
plication of mathematics. It is an imaginary 
particle — not as yet isolated — conceived to 
explain away certain observed effects in radio- 
activity wherein electrons (beta particles) are 
emitted in a way which violates the laws of 
conservation of momentum. In effect, if we add 
3 and 3 in our experiments and find that the sum 
always equals 5, we then invent a neutrino to 
bring the total up to 6. This most elusive parti- 
cle is the object of a very intensive manhunt 
within the recesses of one of our very large 
reactors. 

Perhaps the very frontier of science is now 
concerned with the composition of the “atomic 
glue”, that mysterious force which binds to- 
gether the atom. The positive charges on the 
particles comprising the nucleus repel each 
other; consequently there must be terrific dis- 
ruptive forces. 

Atomic glue, therefore, must possess some 
extremely interesting properties; although it 
must have no net charge in itself, it is able in 
some manner to neutralize these tremendously 
powerful repulsive forces and_ stabilize the 
nucleus. If we could weaken this glue we could 
obtain enormous energies from the disintegra- 
tion of the atom, energies far, far in excess of 
what we can presently conceive. Perhaps this 
can be done on the atom smashers of extremely 
high voltage now under construction. 

What do we hope to find as a result of learn- 
ing more and more about less and less? We 
don't really know. But once more, we have 
every right to predict that we may be on the 
verge of a totally new discovery. 
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Metallurgists Needed Badly! 


It is suggested that this insert be taken 
out and given to some bright boy 

who has just graduated or who 

is still in high school 


, ee the world without metal and 
what strange, primitive conditions you would see! 
No tall buildings, no plumbing, no electricity, no 
automobiles, no stoves, no refrigerators. Even 
simple frying pans and ordinary table knives 
would be unknown. We would be back in the 
Stone Age! 

Most of the devices that make our lives easier, 
more convenient, more comfortable, are possible 
only because Nature has endowed us with no 
less than 65 different metals, and one of the 
chief reasons why metals can perform so many 
different tasks lies in the fact that each metal 
has different characteristics — hence, different 
uses. Then, too, combinations of metals increase 
the variety of possibilities to an infinite number. 

Pure iron, for example, is relatively soft and 
weak. Thus, no automobile manufacturer would 
ever use it for a gear or an axle because it would 
wear out quickly and not be strong enough. 
Instead he selects steel, which is iron mixed 
with small quantities of carbon plus other metals 
such as manganese, nickel, chromium or molyb- 
denum. After machining to correct size, such 
steels can be hardened by heat treatment; they 
are then strong and wear resistant and will 
endure for a long time. Copper, on the other 
hand, has low resistance to electrical currents; 
consequently it will be first choice for electrical 
wiring. Airplane manufacturers prefer aluminum 
for fuselage bodies and fittings because of the 
light weight. Certain heavy metals such as ra- 
dium and uranium are unstable and hence radio- 
active; the radioactivity can be used in medicine 
for curing disease or for peacetime creation of 


electric power; the instability is the basis of the 
atomic bomb. 

Today, industry tailors metals to fit each 
specific need, This wasn’t always true. While 
men have used a few metals for a long time 
as weapons, cooking utensils, and ornamenta- 
tion, for thousands of years they found these 
materials only as simple metals on the earth's 
surface. They could use them for just a few of 
their needs, After the discovery of metallic ores 
it undoubtedly took centuries of experiment to 
discover ways of reducing these ores to metal 
and good methods of refining them of impurities. 
Today, however, metallurgists have not only 
mastered the purification of metals, but have 
learned to combine them into alloys most useful 
for our varied requirements. 


What is a Metallurgist? 


The need to determine which metal suits a 
job or how to combine metals to achieve certain 
results has created a new science known as 
“metallurgy,” and a new set of engineers known 
as “metallurgists” or “metallurgical engineers.” 
To take the guesswork out of metal manufac- 
turing, industry employs these experts. 

They have a wide variety of jobs and titles. 
Their common characteristic is that they have 
supervision over some work on metals, study the 
processes or inspect the products, sell metals or 
furnaces or supplies needed in their fabrication. 
These men we will call metallurgists. Today 
the metal industries of the United States employ 
at least 50,000 of them. (No less than 26,000 
are members of a single engineering organiza- 
tion, the American Society for Metals.) To main- 
tain the numbers of this group of 50,000 men 
vitally needed in industry there are only 650 
young men graduating with metallurgical train- 
ing from the 53 American colleges which offer 
such courses. The supply is nowhere near the 
demand, Obviously there is good pay and many 
opportunities for such graduates. 
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Extractive Metallurgy — Metallurgical engi- 
neering as a distinct profession is relatively new; 
50 years ago the mining engineers usually did the 
work in this field; their work is still necessary and 
is now called “extractive” metallurgy. This con- 
sists of supervising the concentration or leaching 
of low-grade ores, the smelting of ore or concen- 
trates into crude metal and its refining into com- 
mercial purity, the production of mill shapes such 
as sheet, tubing, plates, rails, bars, wire. In the 
last mentioned field the metallurgical specialist 
has much in common with the mechanical en- 
eer. 

To understand the present field of metallurgy, 
we must expand this old and relatively narrow 
field and consider at least three others (all very 
important indeed): (a) Fabrication metallurgy, 
(b) research and control, and (c) metallurgy of 
atomic power and weapons. 

Fabrication Metallurgy — The general indus- 
trial use of specialists in the field of metals en- 
gineering had its first real impetus early in World 
War I1—40 years ago. It was necessary for all 
sorts of plants which had been fabricating tools, 
utensils and machinery to turn out guns, ammu- 
nition, armor, and all kinds of ordnance. Many 
items required the use of alloy steel, precisely 
controlled heat treatment, and close inspection 
—all of which were beyond the experience of 
the American metal-consuming industries of that 
era, whose production was based on the use of 
shapes of unalloyed steels or simple alloys se- 
cured from the mill metallurgist — the extractive 
metallurgist mentioned above — already possess- 
ing the hardness, strength, toughness or other 
property desired for the part to be made. World 
War I, therefore, started a revolution in metal 
fabrication methods which is still under way 
and has required an army of educated men who 
are capable of selecting the correct metallic 
materials, of planning their most economical 
fabrication routines, of supervising their heat 
treatments for strength and toughness, and the 
final surface treatments for size and appearance. 
These fabrication metallurgists constitute by far 
the largest group of metallurgical engineers at the 
present time, and are found in foundries, forge 
shops, stamping plants, welding departments and 
fabrication operations in all metal-using indus- 
tries, ranging from those making electron tubes 
to huge electric generators, from tricycles to 
automobiles, from diesel locomotives to aircraft, 
from jewelry and cutlery to steam shovels, from 
fountain pens to business machines. The in- 
sistent demand for such specialists in metal 


fabrication has absorbed many engineers orig- 
inally trained as mechanical engineers, chemical 
engineers or civil engineers. 

There will undoubtedly be ten such jobs in the 
United States open to every metallurgical en- 
gineer with a Bachelor of Science degree who 
will graduate during the next decade. 

Research and Control (to which might well 
be linked teaching) — These men are sometimes 
called “physical metallurgists” because their 
training is based on physics and chemistry of 
metals, the two sciences being closely geared 
together. Physical metallurgists have come into 
prime importance in the last 30 years, ever since 
it became evident that the fabrication metal- 
lurgist, described above, needed some scientific 
principles to correlate his “practical” findings, 
and that industry has an insatiable appetite for 
new alloys, specialized treatments, and more 
economical fabrication processes which the phys- 
ical metallurgist might discover. Every large 
unit or segment of the American metal-con- 
suming industry has a well equipped laboratory 
organization to which are submitted problems of 
“applied metallurgy” and problems in “fun- 
damental metallurgy”. Examples of the former 
would be a new malleable cast iron, malleable 
as-cast (that is, without requiring heat treat- 
ments days long to give it the best machinability 
and toughness); or a manufacturing method for 
a typewriter type-bar by accurately pressing a 
mixture of powdered iron and graphite and 
properly sintering and heat treating the com- 
pact. An example of research in fundamental 
metallurgy might be to analyze atomic rearrange- 
ments in steel during a rapid quench so that a 
heat treatment routine could be formulated likely 
to give necessary strength with the least damage 
to its toughness. 

It is obvious that the metallurgist in the 
laboratory must utilize the most advanced types 
of investigative apparatus. He examines the grain 
structure under a high-power microscope; he 
probes into the atomic architecture with X-ray 
diffraction machines; he analyzes for trace im- 
purities with spectrographs or Geiger counters; 
he determines the mechanical and physical prop- 
erties; he studies their resistance to ordinary 
corrosion or high heat; he must draw upon the 
specialized knowledge of scientists in many other 
fields. Men capable of such work almost always 
require post graduate training — a Master's or a 
Doctor's degree. 

These men also have another most important 
field also open to them — teaching. A recent sur- 
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vey showed that about 65 Ph.D.’s in metallurgy 
are being graduated each year, yet in the summer 
of 1955 there were 55 existing vacancies on our 
university faculties! 

Atomic Metallurgy—The “old” metals, such 
as iron and copper on which our industrial 
civilization is founded, are ten or eleven in num- 
ber. They are relatively widely spread over the 
earth’s surface, and are comparatively easily re- 
duced from their ores. This leaves about 55 
rarer or “newer” metals which are much more 
difficult to come by. The properties of a few of 
them are only recently becoming known — for 
example, germanium is now used for transistors 
which perform like vacuum tubes. Of extraordi- 
nary importance are the elements heavier than 
lead, which are all radioactive. Radium was the 
one earliest discovered; the most potent is ura- 
nium — the heaviest natural element — and pluto- 
nium, a man-made metal even heavier. Large 
numbers of metallurgical scientists and engineers 
— literally thousands — are employed by the U.S. 
Defense Department in devising atomic war 
heads and missile systems to use these explosive 
metals, and by the Atomic Energy Commission 
and the electrical and public service industries 
to design and construct machinery for generating 
heat and power from them. These devices op- 
erate at such extremes of temperature, pressure 
and corrosive environment that the resources of 
the most intelligent metals engineers are taxed 
to the utmost. 

All metallurgical engineers are not confined 
to the reduction, production, and research de- 
partments. Many hold other types of positions 
in the field. Some specialize in technical writing 
and editing or patent work. Others work in 
metal sales and service, marketing and pur- 
chasing. Managers and administrators in the 
metal industries are among the highest paid of 
our business men. Some companies employ 
metallurgists who design plants, machines and 
other equipment. A few metallurgists, as con- 
sulting engineers, sell their services and informa- 
tion to various firms—many of them small — 
which do not employ full-time specialists. 


Qualifications 
Before deciding to enter the field, the prospec- 


tive metallurgist of high-school age should sur- 
vey himself carefully to see if he has the neces- 
sary aptitudes and qualifications. He will need 
the ability to undergo a long course of training 
which does not stop when he gets his degree on 
graduation day. 


In preparation for college, the future metal- 
lurgist should take high-school courses in plane 
and solid geometry, algebra, chemistry and phys- 
ics. In addition, he ought to have a definite 
interest in metals and their utilization in Amer- 
ican industry. If he is intrigued by chemistry, 
electricity, machinery, aeronautics, communica- 
tions, ordnance — any of them will lead into a 
metallurgical career. But especially if he is in- 
terested in things basic to all of them—the busi- 
ness of making and using metals for tools or 
equipment or machinery or structures — then he 
should set his sights on metallurgical engineering! 

It will take him four years in college to earn 
a degree of Bachelor of Science in metallurgical 
engineering. Necessary courses here include 
higher mathematics, physics and mechanics; 
advanced inorganic chemistry; English; eco- 
nomics; and all available courses in metallurgy 
as defined above. If he decides to continue into 
graduate school he will specialize in some branch 
of metallurgy and will begin to have a part in 
metallurgical research. 

However, not all metallurgists in industry 
have gone through college, but such training is 
preferable, and the trend is for college-trained 
metallurgists to get far better salaries. Other 
metallurgists hold degrees in some related fields 
of engineering, such as chemistry or mechanical 
engineering. 

Although only a few women have entered the 
field to date, there are many desirable places 
open to them in the metallurgical research lab- 
oratories. 


Opportunities 


As will be evident from the description above, 
almost every American industry offers many op- 
portunities to the newly trained metallurgist. 
He will find openings in all kinds of plants mak- 
ing iron and steel. Nonferrous metal industries 
(aluminum, copper, magnesium, zinc, titan- 
ium) also offer fine opportunities for employ- 
ment. Machinery and all transportation equip- 
ment industries need metallurgists. Federal 
agencies also use them, as do nonprofit research 
establishments which have metallurgical divi- 
sions. University teaching positions are open to 
metallurgical engineers who hold advanced de- 
grees. Jobs for metallurgists are obtainable in 
every state in the Union. 


Method of Entering 


Today the new metallurgist has no difficulty 
in finding a job. Every member of the 1956 


graduating class had his choice of several attrac- 
tive offers made to him by recruiting officers 
from large industrial firms. Lists of openings in 
the Civil Service are available from the various 
government agencies. Engineering and technical 
societies, such as the American Society for 
Metals, the American Institute of Mining, Metal- 
lurgical and Petroleum Engineers, the American 
Foundrymen’s Society, maintain placement bur- 
eaus —as does also the alumni association of 
your alma mater. 


Advancement 


The beginner will probably work in the lab- 
oratory or as a junior metallurgist in an operating 
department until he has found his place in the 
world of metals. Many progressive firms insist 
that he take intensive courses of training (at 
company expense) in appropriate specialties. 
Then promotion will lead him up the engineer- 
ing ladder. With ability and the right breaks, 
he may in time become chief metallurgical en- 
gineer, or he may transfer to planning, admin- 
istrative, or executive work in the industry. 

Metallurgical engineering, far from being an 
isolated profession, is related to many similar 
fields — such as mining (for the extractive metal- 
lurgist), mechanics (for the production metal- 
lurgist), chemistry (for the research metallur- 
gist) and physics (for the atomic metallurgist ). 
Other allied fields are ceramics, petroleum and 
gas, industrial and safety engineering. The 
trained metallurgist is also found occupying im- 
portant supervisory positions, many in the fields 
of electrochemistry, electroplating and finishing. 


Earnings 


A recent survey of American Society for 
Metals showed the wage offered in the spring 
of 1956 for graduate metallurgists after a four- 
year course leading to a bachelor’s degree 
ranged from $375 to $450 per month, Those who 
have masters’ or doctors’ degrees in metallurgical 
engineering are offered $100 to $300 more. 
Progress in any organization obviously de- 


For Additional Information 


American Society for Metals, 7301 Euclid Ave., 
Cleveland 3, Ohio. 

American Institute of Mining, Metallurgical and 
Petroleum Engineers, 29 W. St., New York 18, 
N.Y 


‘Engineers’ Joint Council, 29 W. 39th St., New York 
18, N.Y. 

Society for the Promotion of Engineering Education, 
University of Pittsburgh, Pittsburgh 13, Pa. 


pends upon the man’s own ability to grow into 
wider responsibilities. A survey recently made 
by the Advisory Committee on Metallurgical 
Education of the American Society for Metals 
showed that, on the average, salaries progressed 
steadily with time of service for the first 15 
years after graduation. Figures from the U.S. 
Bureau of Labor Statistics indicate that salaries 
paid to metallurgists are about 10% higher — on 
the average —than those paid to engineers in 
other categories. 


Metallurgy in the Future 


About all that can confidently be said about 
the future of metallurgy (and the opportunities 
for intelligent men) is that its expansion in the 
fields already occupied and its progress into 
wholly new ones are almost without limit. Con- 
sider the situation 50 years ago: We were in a 
world of steel and cast iron and simple copper 
alloys such as brass and bronze. The automobile 
has brought alloy steels, sheet steels and revolu- 
tionary finishing methods. Telephone, radio, tele- 
vision and radar have brought magnetic mate- 
rials, superconductors, and electron emitters. 
The airplane has brought light metals (strong 
aluminum alloys, magnesium alloys, titanium 
alloys). The atomic age has fulfilled the alchem- 
ist’s dream — we transform one metal into an- 
other, and are using a galaxy of metals such as 
zirconium, beryllium and thorium, never before 
produced except as curiosities. The production 
of plastics and synthetic fibers depends upon 
metal equipment of highest strength and corro- 
sion resistance. The farmer has vastly improved 
tractors and labor-saving equipment for his 
fields and dairies. The businessman depends on 
complex machines made of metal for accounting 
and correspondence. The housewife has a thou- 
sand helpful servants made of metal to take the 
place of the vanished maid. Every man-made 
thing you see, every man-made thing you use, 
depends on the intelligent application of tools, 
modern metals and economical fabrication. 

Can anyone believe this progress will stop? 


National Council of State Board of Engineering 
Examiners, Drawer 1404, Columbia, S. C. 

National Science Teachers’ Assoc., 1201 16th Street, 
N.W., Washington, D. C. 


For Further Reference 


“Your Career in Metallurgical egeeting, American 
Society for Metals, 7301 Euclid Ave., Cleveland 3, Ohio. 


Pamphiet elaborating the topics briefly discussed 
herein, and containing a list of American and Cana- 
dian colleges and universities which give degrees 
in metallurgy. 
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Vibratory Polishing 


O 


Metallographic Specimens 


M.. st. polishing of metallographic 


specimens of aluminum alloys is a time-consum- 
ing operation and requires a considerable amount 
of skill to obtain satisfactory results consistently. 
We process a large number of samples in our 
laboratory and, until recently, used the conven- 
tional method of fine polishing on a rotating 
wheel covered with a soft nap cloth and a paste 
of magnesium oxide and water as an abrasive. 
A new method of final polishing by vibration was 
adopted and has not only saved labor but has 
also produced better surfaces than those obtained 
by hand polishing methods. 

Samples are ground and polished by the usual 
hand methods up to the final polishing operation. 
With the vibratory polisher, the conventional 
soft nap cloth is used but it is cemented to the 
inside of a bowl which forms the polishing head 
and which is caused to vibrate by an electro 
magnet. The abrasive is applied to the moistened 
cloth and the samples are loaded into the bowl. 
The vibratory motion of the head polishes the 
specimens and at the same time causes them to 
rotate and revolve so that the polishing direction 
is changed constantly. Weights are added to the 
specimens to speed the polishing action. After 
polishing, the samples are removed, washed, and 
are ready for examination. 

The machines are made by the Syntron Co., 


Homer City, Pa., and consist of a stainless steel 
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A new method of polishing aluminum alloys with vibrating equipment 
has reduced the labor and skill required and increased 
the quality of surface obtainable. (M 21, Al) 


By F. M. KRILL* 


bowl, a heavy base containing the electromagnet, 


and a controller for adjusting the amplitude 
of the vibration. The machines operate on 60 
cycle current and are made in bowl sizes from 
5 to 36 in., the small machines being used in this 
laboratory. The vibratory motion has a horizon 
tal rotational component which provides the pol. 
ishing action, and a smaller vertical component 
with the first to 
samples around the periphery of the bowl The 


which combines move the 
vertical movement on our 5-in. machine is 0.006 
in. The horizontal rotational movement is zero at 
the center and 0.014 in. at the circumference of 
the bowl. The operation is essentially noiseless 
consisting of a low hum in the electromagnet and 
a slight clicking of the samples in the bowl 

The advantages of this method of polishing 
are many, the chief being the reduced amount of 
hand labor required, Hand polishing on a rotat 
ing wheel requires the development of a great 
deal of skill before satisfactory samples can be 
produced, Uniformity of polish is particularly 
difficult to attain since the pressure and wheel 
speed are varied at will by the operator. The 
vibratory machine, however, has a calibrated 
dial for controlling the motion and the pressure 
is applied by weights. These are in the form of 

*Head, Metallography Branch, Dept. of Metal 


lurgical Research, Kaiser Aluminum and Chemical 
Corp., Spokane, Wash 
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Vibratory Polishing Machine and Controller 


metal rings which slip over the specimens and are 
fastened by set-screws. A typical weight for a 
l-in. sample is 90 g. Heavier weights cause faster 
polishing but lighter weights produce a smoother 
surface. A surface satisfactory for most exam- 
inations can be obtained by polishing for 30 to 
60 min, Longer periods will produce a surface 
far superior to that obtainable by hand polishing. 

A rotating wheel tends to throw off the abra- 
sive material so that additions must be made 
periodically, The vibratory machine retains the 
abrasive which, in practice, is used over and 
over for additional batches of samples. More 
than 50 samples have been run on a machine 
without renewing the abrasive and with no 
apparent reduction of the polishing action. The 
tendency for the cloth to dry out is minimized by 
covering the bowl during polishing. There is no 
tendency for the sample to “dig in” or be thrown 
from the wheel, as in hand polishing. 

Some of the difficulties with hand polishing 
are overcome by the use of automatic polishers 
for rotating wheels. I have had only limited 
experience with these but some advantages of the 
vibratory method are immediately apparent. 
One of the principal difficulties with automatic 
polishing machines is that the samples cannot be 
polished individually, the machines usually hav- 
ing a holder for 3, 6 or 12 metallographic speci- 
mens. Samples placed in these holders must have 
the surfaces to be polished lying in a common 


§2 


plane. This usually requires that they be placed 
in the holder before the coarse grinding operation 
and be left there until the final polish has been 
obtained. They must, of course, be the proper 
size to fit the holder and usually require plastic 
mounting. Samples rough- ground by hand are 
often beveled too much to be placed in such ; 
holder for final polishing. 

On the vibratory polisher samples may be 
polished individually or in groups and can be 
removed or added at will. Various diameters 
lengths and shapes of specimens may be polished 
together and they usually need not be plastic- 
mounted. The machine is che aper than rotating 
wheel equipment, requires very little bench 
space and gives longer cloth and abrasive life. 
The polishing head is easy to clean and the 
moving parts require no lubrication and are not 
subject to wear. 

There are, of course, some disadvantages 
A single sample can still be prepared more 
rapidly by hand polishing, since the polishing 
period for the vibrator is about a half hour. The 
polishing cloths must be cut by hand and chang- 
ing them involves the use of a solvent and 
cement. The method has not yet been success- 
fully applied to all the aluminum alloys; some ad- 
ditional hand polishing is usually required on 
very soft material. It is hoped that additional 
experience will result in application of the meth- 
od to other nonferrous and ferrous alloys with the 
proper abrasive and cloth combinations. Perhaps 
the coarser grinding and polishing operations 
could also be performed advantageously on vi- 
bratory machines. 


Machine-Polished Sand Cast Alu- 
minum Alloy 195-T 6, Showing 
Overheating. Keller's Etch; 250 
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Rapid Chemical Analysis 
With the X-Ray Spectrograph 


By A. M. REITH* and E. D. WEISERT? 


X-ray spectrographic analysis has replaced wet chemistry techniques 
for routine determinations of difficult-to-handle elements. The results 
are accurate and analysis is both rapid and inexpensive. (S 11) 


Mau rHan 600 chemical analyses of 


cobalt, nickel and iron-base alloys must be made 


every day at the laboratories of the Haynes 
Stellite Co. and any method that increases speed 
or reduces cost without sacrificing accuracy is 
quickly adopted. Installation of an optic al spec- 
trograph in 1948 resulted in both cost and time 
savings for the analysis of many elements in con- 
centrations less than 5%. However, many analyses 
are required of elements present in amounts up 
to 30%. The higher concentrations are not readily 
handled by optical spectrography, but have 
proved exceptionally amenable to X-ray spec- 
trographic analysis, a technique we adopted a 
year ago. 

~ For X-ray spectrography, the specimen to be 
analyzed is bathed in an intense beam of X-rays 
which excite the atoms near the surface of the 
sample sufficiently to cause them to fluoresce 
and emit secondary \-radiation. This secondary 
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radiation is characteristic of the element from 
which it has been emitted and its intensity is 
proportional to the amount of that element 
present in the sample 

The fluorescent radiation is analyzed with a 
crystal, such as rock salt, which acts as a grating 
and diffracts the characteristic X-rays according 
to Bragg’s law so that intense reflections from 
the crystal will be received only at discreet 
values of the Bragg angle. The values of the 
angles at which intense reflections occur are 
dependent on the wave length of the radiation 

As a measure of the amount of element 
present, the intensity of an appropriate reflection 
is determined with a radiation detector such as 

*Chemist, Haynes Stellite Co., Union Carbide and 
Carbon ( orp., Kokomo, Ind 

tFormerly Head, Product Development Section 
Haynes Stellite Co.; now Research Metallurgist 


Metals Research Laboratories, Union Carbide and 
Carbon Corp., Niagara Falls, N.Y 


Parallel Plate Collimator 


Viewing 
Analyzing Crystal Ss Collimator 
| 


Schematic Diagram of X-ray Spectrograph 


a Geiger-Muller tube, Within a wide operating 
range, these devices give a linear response to 
the intensity of the incident radiation in the form 
of electrical pulses. The pulses and their rate 
of accumulation are counted by appropriate 
electronic sealers. A  parallel-plate collimator 
just ahead of the detector allows the Geiger- 
Muller tube to receive only that radiation which 
is reflected at the appropriate angle as measured 
from the beam of radiation striking the crystal. 
Qualitative analysis of a specimen may be 
accomplished by scanning — that is, moving the 
radiation detector along an are while the crystal 
is moved at just one-half the angular rate. In 
this manner, a record of all occurring diffraction 
peaks will be obtained and 
may be related to elements 
present in the specimen, 
Quantitative analysis is 


Specimen 


mine the intensity from the un- 
This is usually 


done by measuring the time re- 


known sample. 


quired to accumulate a_ fixed 
number of counts. The counting 
rate is then translated into 
weight per cent by use of the 
working curve. 

Currently 29 different alloys 
are being analyzed by the X-ray 
High-Voltage spectrograph for nine different 
X-Ray Tube elements at levels from 2 to 28%. 

These are indicated by the ele- 

2 ments in italics in Table I. At 
present, approximately 1100 de- 
terminations per month are 
made by the X-ray method, 

The first elements considered 
for transfer to X-ray analysis 
were those which require the 
most difficult or lengthy wet chemistry tech- 
niques, For example, analysis of tungsten in the 
cobalt-base Haynes alloy No. 25 requires more 
than 24 hr. by tedious wet procedures and even 
this lengthy method has sacrificed some accuracy 
to avoid an even longer (though more precise 
technique. With the X-ray spectrograph the 
analysis time is reduced to about 20 min. from 
the receipt of the unprepared sample. In addi- 
tion, accuracy is improved. Also, once analyses 
have begun on a series, one specimen may be 
processed about every 3 min. 

The working curves are prepared with 
standard samples which are analyzed several 
times by the most careful wet chemical tech- 


Table I — Nominal Content of Elements Determined by X-Ray Spectrograph 


(Indicated by Figures in Italic) 


accomplished by presetting 
the equipment to a dif- ue 
fraction peak for the ele- 
ment of interest. The peak 
chosen will be one that is 


Haynes Alloy 93 
Multimet alloy 


strong and free from inter- Hastelioy Alloy B 
ference by peaks corre- Hastelloy Alloy C 


sponding to other elements. Hastelloy Alloy F 
Hastelloy Alloy X 
“Thet” Alloy 
brated against a previously GMR-235 


determined working curve 


The instrument is cali- 


of counting rate versus 
weight per cent of the ele- 


Haynes Alloy 25 


Haynes Stellite 31 | 


Cr | W Fr Mo Ni Co OTHER 
Iron-Base Alloyse 
17 | Bal. | /6 6 Zi 
Bal. | > | 20 20 |1Cb+Ta 
Nickel- Base Alloys 
5 | 28 | Bal 
15.5 q 5 16 Bal 
22 20 65 Bal 2Cb + Ta 
22 | Bal. | 
25 7 3 5 | Bal. | 12.5 2.5 Mn 
15.5 9 5 Bal 2 Ti, 3 Al 
Cobalt- Base Alloys t 
7.5 10.5 | Bal 
20 15 2 | Bal. 


ment present in a given 
alloy. Once calibrated, the 
instrument is used to deter- 
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*Also stainless steels (300 series), 11 alloys analyzed for Ni from 8 to 22° 
tRight other cobalt-base alloys containing about 30% Cr are analyzed for W 
ranging from 8 to 18% 
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niques available. The averaged values are 
plotted against the counting rate obtained from 
the X-ray spectrograph for the corresponding 
standard. In general, a straight line results. 
Standards are usually prepared by selecting 
a base heat of a given alloy that has a low 
content of the element of interest. Remelting 
this base with successively higher additions of 
the element produces a series of specimens of 
comparable matrix but enriched in the added 
element. However, satisfactory working curves 
were obtained for the nickel-base Hastelloy alloy 
C when four elements were varied in concen- 
tration simultaneously in four heats of the alloy. 
While the nickel content was held fairly con- 
stant (53.10 to 54.00%), chromium was varied 
from 14.00 to 16.14%, tungsten from 3.59 to 
5.60%, iron from 4.56 to 7.77% and molybdenum 
from 15.50 to 18.75%. Using this technique, only 
four standard samples were required to obtain 
four working curves. If only one element had 
been varied each time, 16 heats would have been 
required, Verification points may be added to 
the working curve by selection of appropriate 
routine samples for rigorous wet analysis, It 
should be noted that the technique of simul- 
taneously varying several element concentra- 
tions may not be satisfactory if the absorption 
characteristics of the matrix are appreciably 
altered with respect to the radiation of interest. 
Nevertheless, this economical technique of 
obtaining standards should be widely applicable. 
Another economy in standards resulted when 
it was shown that nickel in the 300 series stain- 


Table I 
Umpire Analyses 


Comparison of X-Ray, Routine Wet and 


North American Philips Co 
30-Kv. X-Ray Spectrograph 


less steels could be successfully handled with 
one set of standards and one working curve for 
the whole family of 11 steels. The nickel content 
varies from 8 to 22% in this group. A similar 
circumstance exists with the cobalt-base alloys 
in which eight different alloy grades can be 
analyzed for tungsten from 8 to 18% with one 
set of standards for the whole group. Still further 
savings are realized because of the nondestrue- 
tive nature of the method so that 
standards are, for all practical 


purposes, permanent 


Precision was investigated by 


: |Rourine | Umpme | X-Ray, | Rourine Wet ten consecutive exposures of the 
X-Ray Ww Wer of ast 
eT ERROR same specimen. The sample was 
Ww 18.00 18.20 18.03 0.17 0.94 removed and replaced for each new 
| 6.85 6.92 6.80 0.74 1.8 run. Molybdenum in Multimet alloy 
Mn 2.44 2.38 2.41 I 1.2 (N-155) has a normal concentration 
Ni 9.65 9.92 9.68 0.3 
% n 51.20 
9145 91 38 21.55 | 046 | 079 of 3%. When 51,200 total counts 
Cr 15,75 16.15 15.81 039 | 2 | were accumulated in each of ten 
22.87 22.63 22.80 0.31 0.75 runs, a range of 3 counts per sec 
Co 15.05 14.94 15.00 0.33 0.40 and a standard deviation of 0.8 
6.55 6.19 | 6.50 0.79 7 count per sec. were obtained, These 
Fe +.26 1.39 1.35 2.1 0.92 al | | 
79) | 17.10 17.25 0.29 0.87 values are equivalent to 0.05 an 
6.65 6.15 6.49 95 9 0.008% molybdenum, respectively 
Mo 15.92 15.56 15.85 0.44 | 1.8 The nominal 10% nickel in Haynes 
9.95 10.12 9.95 0.00 1.7 alloy No, 25, in a similar experi- 
3.65 4 3.62 8 
4 ment, gave a range of 12 counts 
per sec, (0.22% Ni) and a standard 
Average % Error 0.77 1.69 deviation of 4.8 counts per sec 
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(0.08% Ni) when only 25,600 counts were accumu- 
lated. If 102,400 total counts are accumulated, 
the standard deviation is only 1.6 counts per 
sec., equivalent to 0.03% nickel. This increase 
in precision is a result of the statistical behavior 
of radiation detectors. 

The probable error attributable to the random 
arrival of X-ray quanta at the detector window 
will decrease as the total number of counts 
accumulated increases. Thus, if 3200 counts are 
accumulated, the probable error caused by this 
effect alone is 1.2%. If 102,400 counts are 
accumulated, the probable error drops to 0.2% 
For this reason, the largest number of counts 
consistent with reasonably brief counting times 
should be accumulated, 

For most of the determinations shown in 
Table I, 76,800 counts are accumulated. For 
weaker reflections, such as those obtained from 
low levels of vanadium, titanium and manganese, 
only 25,600 counts are accumulated to avoid 
excessive counting time. In routine operation, 
the counting time is usually 2 to 4 min, Accura- 
cies are about +1% or less of the nominal ele- 
ment concentration. 

The method appears to be generally more 
accurate than the results obtained by routine 
wet chemistry, as indicated in Table Il which 
compares some results of routine X-ray and 
routine wet analyses with the umpire wet 
chemistry results. The latter data are obtained 
by very accurate chemical procedures and are 
averages of several determinations. In general, 
the X-ray results are in closer agreement with 
the umpire values than are the wet chemical 
analyses 

For precise quantitative results, it is necessary 
to expose a consistent area of the specimen in 
a consistent manner, A standard size specimen 
is desirable and is most convenient for metal 
producers. A disk-type specimen, 1% in. in diam- 
eter and about % in, thick, is used. This can be 


cast to size in investment or sand molds or it: 


may be chill cast in bar form and sliced to size. 
Any variation in the positioning of the specimen 
can lead to errors resulting from altering the 
geometry. Such alternations will affect the inten- 
sity of the diffracted peaks. The area of the 
specimen exposed must be the same for each 
analysis since it determines the total radiation 
incident on the analyzing crystal. Both of these 
requirements are met with a rigid specimen 
holder which reproducibly positions and masks 
each specimen. 

The variable of surface finish was thoroughly 
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®@ Standards: Umpire Analyses, 
650 102,400 Counts 


* Samples: Checked by 
625 Routine Wet Chemistry, 
3 76,800 Counts 


550 

525 

500 

3.33 14 15 16 17 +18 
Tungsten, % 


Working Curve for Tungsten in Haynes Alloy 
No. 25. 120-grit finish; W-L£,, 26.27° (26); 
50 kv., 30 ma.; tungsten tube; NaCl crystal 


investigated by running reproducibility checks 
on specimens finished with 40, 120, 220, 320, 
400, 600 grit and 600 grit plus electrolytic etch- 
ing. The coarser finishes produced a large error 
if the grinding furrows were not always posi- 
tioned in the same orientation with respect to 
the X-ray path. All of the specimens were run 
in four orientations, 0°, 90°, 180° and 270°, with 
respect to X-ray path, and the orientation effect 
persisted up to the 600-grit finish. Equally good 
reproducibility could be obtained with the more 
convenient 120-grit finish when the grinding 
marks were consistently oriented. Thus, there 
was good agreement between the 0 and 180° 
orientations and between the 90 and 270° orien- 
tations. Standard practice consists of a 40-grit 
roughing polish followed by a 120-grit final 
finish with the grinding marks parallel to each 
other and to the X-ray path. 

Several calibration techniques are possible; 
however, the method in routine use at Haynes 
Stellite Co. will be described. After the circuits 
have had ample warm-up time (at least 30 min.), 
the tube voltage and current are adjusted to 
the values used in determining the working 
curve. Determinations are then made on two of 
the standards and a line parallel to the working 
curve and through the two points is used to 
determine the unknowns. Since this calibration 
must be repeated for each different element 
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Specimen Rotation Device and Typical Specimens 


analyzed, a series of samples are analyzed for a 
given element as a batch. 

An unusual effect was encountered upon 
installation of the X-ray equipment in close 
proximity to the optical emission spectrograph. 
The radio-frequency energy generated during 
sparking of the specimens was sufficient to trig- 
ger the X-ray detector circuit in a sporadic 
manner. The spurious counts were eliminated 
by shielding the high-voltage lead to the Geiger- 
Muller tube with grounded copper braiding. 

Another unusual effect was encountered when 
analyzing investment-cast alloy slugs for tung- 
sten. The slow cooling rate of the investment 
casting process leads to very large grains in the 
sample. As a result, in certain positions such 
a sample will not only fluoresce but also diffract 
the tungsten excitation radiation in the direction 
of the analyzing crystal. Since the crystal will 
not distinguish the two sources of radiation, an 
excessive counting rate will be obtained. The 
error is sensitive to the orientation of the speci- 
men since in most orientations the diffracted 
radiation will not reach the crystal. This problem 
was solved by constructing a device which would 
rotate the specimen during analysis. Since dif- 
fracted radiation is now incident on the crystal 
so small a portion of the total analysis time, the 
effect is diminished to the point of avoiding 
significant errors. The sample is rotated at 77 
rpm. so as to be asynchronous with the X-ray 
current. It should be noted that rotating the 
specimen also eliminates the orientation effect 
caused by the grinding marks. 

Errors caused by segregation are avoided, 
since the area of the sample involved is quite 
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large —about & sq.in, Certain alloys especially 
susceptible to this error in optical spectrography 
are handled readily by the X-ray method 

The cost of an X-ray spectrographic determi 
nation is about one-fourth that of the wet chemi- 
cal procedures. However, a true evaluation of 
the economic value of the method must include 
the savings which are realized by the speed with 
Rapidly 


executed control analyses can frequently avoid 


which determinations can be made 


costly off-chemistry heats. 

Maintenance costs on the equipment have 
been minor. At the time of this writing, over 
6000 hr. has been accumulated on the original 
tungsten X-ray tube and only normal replace 
ment of electronic tubes has been necessary 

The equipment, as used, has the limitation 
that only elements of atomic number 22 (ti 
tanium) or higher can be analyzed, With a helium 
path in place of an air path for the X-rays to 
follow and with a special detector and crystal 
to handle the longer wave-length radiation, it 
should be possible to analyze elements as low 
as atomic number 13 (aluminum) or lower. A 
highly mechanized version of the X-ray spec 
trograph has recently become available which 
offers substantially increased accuracy, decreased 
counting time and simplified automatic operation 

The X-ray spectrograph has proved to be a 
valuable analytical tool in the Haynes Stellite 
laboratories. The advantages of the method 
include rapid results, lower cost, good results 
at high concentration levels, nondestruction of 
sample and minimum standard preparation 
These are advantages that should interest many 


analytical laboratories in the metals industry rs] 
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Better Barrel Finishing 
With Improved Abrasives 


By WILLIAM E. BRANDT* 


The new fused chips and bonded shapes of aluminum oxide 


and the wide variety of chemical additives available have made tumbling 


KE... MANY years, tumbling or barrel finish- 
ing has been used as an inexpensive method 
of cleaning and simultaneously removing sharp 
edges from castings, forgings and stampings. 
It is an effective process and the only equipment 
required is a motor-driven container. Originally, 
the rough work pieces were inserted along with 
cast iron slugs or “jacks”, or even pieces of scrap, 
rocks or broken grinding wheels, and rotated 
until the edges felt smooth. Slight projections 
were removed or, more often, peened over during 
the tumbling and sharp corners were rounded 
off. Dimensional control, particularly of the 
corner radii, was virtually unattainable. 

Because of the low cost of tumbling, much 
effort has been spent to obtain more precise 
control and greater versatility. The first major 
advance was the development of fused aluminum 
oxide chips as an abrasive to replace the mis- 
cellaneous materials previously used, With this 
fast cutting abrasive, it became possible to re- 
move burrs rather than peen them over and to 
deburr large quantities of parts quickly. By 
proper selection of chip size, uniform radii 
of predetermined size could be developed at 
corners, 

The fused chips were good but until a few 
years ago had several major disadvantages. They 
were porous and fractured easily so that no matter 
how carefully they were screened initially, size 
control during processing was impossible. With- 
out good chip size control, precision parts cannot 
be handled properly, especially when they con- 


* Vice-President, Lord Chemical Corp., York, Pa. 
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a precise method of cleaning and finishing metal components (L 10) 


tain blind holes. Another problem was impreg- 
nation of the metal parts with aluminum oxide. 
The impregnation interfered with subsequent 
finishing operations and caused erratic behavior 
in soldering, brazing or welding. 

In 1948 a chip manufacturer felt that impreg- 
nation might be eliminated by chemical means 
and asked us for advice. After some years of 
research, we developed a series of chemical 
additives with which we could prevent impregna- 
tion, remove it as fast as the oxide was being 
deposited or allow it to accumulate but remove 
it in a bleaching operation before the coloring 
or burnishing run. Even though we were able 
to work with fused aluminum oxide chips on any 
metal or alloy and obtain satisfactory results, 
we felt that the chip itself would have to 
undergo a rather complete renovation. Our rec- 
ommendations were that the porous outer rind 
of a fused aluminum oxide ingot should not be 
used for chip manufacture. In addition the crys- 
talline structure of the fused aluminum oxide 
should be controlled inasmuch as it seems to 
govern breakdown and fracture. Chips should 
be of blocky shape, properly rounded and cor- 
rectly sized so that the consumer can use them as 
received, 

Today all the foregoing improvements have 
been made and we have a fused aluminum oxide 
chip which represents the ideal abrasive for pre- 
cision barrel finishing yet costs no more than 
its badly handicapped predecessor. By mix- 
ing appropriate chip sizes, the workpieces can re- 
main in the barrel until finally finished. There 
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Fused Aluminum Oxide Chips 
Used in Precision Barrel Fnishing 


is no unloading and reloading of work and abra- 
sive. Only compounds are changed and the load 
rinsed between cycles of a multiphase run, 
Fracturing has been virtually eliminated. In one 
instance, 500 Ib. of chips were run continuously 
in a 6%-cu.ft. compartment at 16 rpm, for 26 hr. 
—only 0.18 g. of fracture residue was produced, 

This chip will not only deseale, deburr, grind 
and fine-finish but will also produce burnishes 
which often cannot be matched with steel shot or 
steel ball operations. The same chips may be 


used for both by selection of the proper com- 
pound. The chips gradually become loaded 
when used for burnishing and will not cut. 
However, a 3-min. run with a very small amount 
of the proper detergent at high water level will 
restore the original sharpness. 

There are only a few kinds of parts that cannot 
be finished with aluminum oxide chips. For 
example,, in processing small gears with fine 
deep-rooted teeth, the chip will be so shielded as 
to be unable to do any work. In this instance, the 
proper grade of shot or pins should be used. The 
same is true of any enclosed surface completely 
shielded against the gravity pressure of the load. 
As long as the working surface can be reached 
through suitable openings, however, some special 
abrasive can usually be found to do the work 
with the right compound. 

Fused aluminum oxide chips will work on 
all metals and alloys, no matter how soft or 
hard. The surfaces will be chemically clean 
if the right compound has been used and will be 
suitable for plating, soldering, brazing or 
welding. 

One of the latest developments in the abrasive 
chip field is the bonded shape made from fine 
grains of aluminum oxide joined with silica or 
garnet. When it is properly made, the bonded 
chip will last longer than the pure fused alumi- 
num oxide chip because the bonding material 
does not cut. Therefore, it takes longer time 
cycles to do the same work with the bonded chip. 
If the chips are made with too great a propor- 


Bonded Triangular Shapes Developed for Faster Cutting 
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New Bonded Abrasive Spheres Produce Finer Finishes and Better Color 


tion of fines, they will powder, fracture or wear 
away with excessive speed. They tend to impinge 
and are not suitable for very fine finishing, How- 
ever, they will produce a beautiful color in bur- 
nishing operations. 

Bonded triangular shapes have recently be- 
come available and may be used in applications 
where wedging is a proble m or where extremely 
Because of the flat 
surfaces, cutting rates are almost twice as high 


fast cutting is required. 
as with fused chips. Unfortunately, they also 
break down faster. Triangles cannot very well 
be used for coloring and burnishing and usually 
produce a matte finish. 

Under development at the present time are 
abrasive spheres made of bonded aluminum 
oxide, They are of finer texture than the triangles 
and will, therefore, yield finer finishes and better 
color. Their shape precludes fast cutting but 
reserves a place for them in special applications. 

In all precision barrel finishing methods, a 
liquid carrier containing chemical compounds is 
essential, The compositions of the additives are 
jealously guarded secrets of the individual manu- 
facturers and special mixtures are supplied for 
each alloy and kind of finish required. The addi- 
tive must protect the workpiece against corrosion, 
pitting and impregnation, hold the soil in suspen- 
sion, keep the abrasive clean and sharp, and be 
self-rinsing. Many additives also contain some 
fine abrasive in suspension in order to increase 
the speed of deburring, grinding and stock 
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removal. Such abrasive mixtures have wide appli- 
cation in self-tumbling operations or in tumbling 
with soft steel shot. 

A good abrasive mixture should contain up to 
80% of the properly graded, uniform and uncon- 
taminated abrasive material. Reclaimed materials, 
sweepings and dust collector fines should not 
be used. In our experience silicon carbide 
has prove “cd unsatist: ic tory for proce ssing ve ry 
hard metals. While it takes a ve ry sharp initial 
bite, it becomes ineffective very quickly in tum- 
bling because of its friability. Aluminum oxide 
grain is quite suitable for a wide range of appli- 
cations in abrasive compounds. 

Aluminum oxide may also be used for finishing 


soft alloys with the necessary additives to prevent 


impregnation. If there is even a small amount 
of impregnation that is not completely removed, 
there will be considerable difficulty in subse quent 
machining operations. Often such a condition 
is intolerable from the standpoint of tool main- 
tenance. 

Such difficulty can be entirely avoided with 
When an 


however a 


the proper nonabrasive compound. 
abrasive compound is necessary, 

softer and finer abrasive material should be used 
If there is still some impregnation, a simple 
15 to 20-min. run with the proper bleaching com- 
pound will remove it completely. Bleaching 
burnishing or 
coloring run, especially if the work is to be 


subsequently plated. So 


operations usually precede the 
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ook Review... 


Modern Theories 
of Physical Metallurgy 


Reviewed by R. W. LINDSAY* 


Ev.ecrrons, Atoms, METALS AND ALLOYS 
by William Hume-Rothery, Philosophical 
Library, New York, 387 p., 1955. $10 


lune Srrucrure or METALS aNnp ALLoys, by 
William Hume-Rothery and G. V. Raynor, The 
Institute of Metals, London, 363 p., 1954. $5.50. 


Modern theories about metallic structure and 
how it influences the behavior of metals are too 
often expounded in language that is crystal clear 
to physicists and mathematicians but far too 
technical for the metals engineer in industry 
who might have immediate use for the informa- 
tion disclosed. The language barrier is not insur- 
mountable, however, as indicated by these new 
editions of two books on the subject of physical 
metallurgy 

“Electrons, Atoms, Metals and Alloys” is writ- 
ten as a dialogue in which a younger person 
with a knowledge of the modern theory of solids 
and the metallic state is attempting to answer the 
questions of an older metallurgist from industry 
who has had a standard education in chemistry, 
mathematics and elementary physics. 

\s the title implies, the subject of the metallic 
state is treated in very orderly and progressive 
fashion. First there is a discussion of the nature 
of the atom and the difference between metals 
and nonmetallic elements. Next the crystalline 
nature of a metal is considered, which introduces 
the problem of dislocations and other imperfec- 
tions in real crystals. The discussion then turns 
to the energy distribution of electrons in metal 
crystals, and the kind of experimental evidence 
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used to confirm theoretical conclusions. The 
electron theories of metals are presented in such 
a way that the reader is led from the older 
theories through to the zone theory of metals 
The crystal structure of the elements is explained 
and this in turn leads to a discussion of atomic 
bonding and typical metallic structures. The 
various metallic elements are described and in 
terrelations between such properties as electrical 
conductivity, atomic diameter, cohesion and 
magnetism are explained. The problem of plastic 
deformation is treated in a separate chapter 

The nature of an alloy is considered in terms 
of the principles of formation of solid solutions 
and intermediate phases in alloys. The reader 
will find this to be a very extensive treatment 
of the principles of alloying. 

Some attention is given to radioactivity and 
natural disintegration, the artificial disintegration 
of atoms, fundamental particles, the structure of 
the nucleus and fission of the nucleus. This mate 
rial has a place in the text because of the relation 
ship of metallurgy to atomic energy 

Metallurgical educators and metallurgists in 
industry are certain to find much food for 
thought in the author's discussion of the short 
comings of metallurgical education and the rela 
tion of industry to these shortcomings. 

“The Structure of Metals and Alloys” is strongly 
recommended for students and industrial and 
research metallurgists interested in the principles 
of alloy formation and the physical and mechani 
cal properties of metals and alloys. The first part 
of the book presents a condensation of certain of 
Atoms, Metals 
and Alloys” followed by a discussion of the crystal 
structure of the elements. More than half of the 
text is devoted to the pring iples and theories of 


alloy formation, introduced by a discussion of 


the material given in “Electrons 


the atomic radii of the elements. This is important 
* Professor of Metallurgy 
versity, University Park, Pa 


Pennsylvania State Uni 
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“not only because many alloy structures are 
determined or influenced by the relative sizes of 
the atoms concerned, but also because they 
throw light on the interatomic forces which hold 
the atoms together”. 

One of the sections that has been added to 
the new edition deals with the structure of alloys 
of iron. It should be valuable to the college or 
university student. The entire field of ferrous 
physical metallurgy is covered, starting from the 
metal and moving through a discussion of binary 
alloying principles, the iron-carbon equilibrium 
in steels, the decomposition products of austenite 
and the latest developments in the metallurgy of 
cast irons. Although much of this will be con- 
sidered as a review by the practicing metallurgist 
in the field, the section on iron-carbon equi- 
librium in alloy steels represents a sound, sys- 
tematic treatment. 

The section on imperfections in crystals and 
deviations from the ideal lattice includes new 
material, All physical metallurgists are interested 


Precision Measurements 
of Force 


By ARTHUR C, RUGE* 


Strain gage dynamometers have been adopted by the 


in the mechanical properties of metals and thei: 
alloys, and recently much has been published 
with regard to the important effects of degree 
of perfection of the crystal structure. This mate- 
rial seems to be summarized in acceptable fash- 
ion and should be of assistance to those who 
are now studying this branch of metallurgy. It 
should also be a good starting point for met: allur- 
gists in industry who are trying to acquaint them- 
selves with this subject. 

The reviewer has found both of these books 
very useful as reference texts in courses on physi- 
cal metallurgy. If he were to advise a choice 
of the one or the other, however, he would recom- 
mend “The Structure of Metals and Alloys” as 
more useful to the industrial metallurgist. “Elec- 
trons, Atoms, Metals and Alloys” would be more 
meaningful to students working for advanced 
degrees in metallurgy, to people with training 
in chemistry and physics who are developing a 
specific interest in metals, and to research work- 
ers engaged in synthesizing new alloys. rs] 


National Bureau of Standards for calibration of loads and forces 


sats its development nearly 40 years 
ago by H. L. Whittemore and S. N. Petrenko, 
the proving ring has been used by the National 
Bureau of Standards as a basic standard for 
checking the accuracy of weighing and force 
measuring devices. Its maximum capacity is 
limited to 300,000 Ib. in compression and 100,000 

*Consultant, Baldwin-Lima-Hamilton Corp., Phil- 


adelphia. 
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too large to be handled by proving rings. (Q general, S general) 


Ib. in tension and although several can be used 


together to calibrate a testing machine of large 
capacity, there is a practical limit which is below 
the maximum of the new large testing machines. 

Several years ago development of new cali- 
bration equipment was initiated by Lyman J. 
Briggs, director emeritus of the Bureau. The 
objective was to find a method which would 
have the accuracy and stability of the proving 
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The Neu 
ard Consists of a 225-Lb. Steel Column 
With Eight Bonded Wire Strain Gages 


3,000,000-Lh. Force Stand 


ring but with a wider range of capacity so that 
loads as high as 12,000,000 Ib. could be measured. 
The solution was an electrical system of strain 
measurement which used bonded strain gages. 

The strain gage dynamometers are solid steel 
columns with eight resistance wire strain gages 
equally spaced around their centers. Four are 
bonded to the column longitudinally 90° apart 
and the other four are bonded in transverse 
positions. The column is flared out at top and 
bottom to enlarge the bearing areas and a 
cylindrical protective metal cover is held in place 
by setscrews through retaining rings around the 
enlarged ends of the column. The strain gages 
are connected together to form Wheatstone 
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4 modified Baldwin SR-4 strain 
indicator is used as a load-indicating device. 

Strain gage dynamometers of 100,000, 300,000, 
1,000,000 and 3,000,000 Ib. have been built by 
the National Bureau of Standards 
clude four each of the two largest sizes. Their 
4.S.T.M. 
E 74-50 T which provides tolerances of 0.4% for 
3,000,000 Ib. and 0.39 for 1,000,000 Ib. The larg- 


about 225 Ib 


bridge circuits 


These in- 


accuracies meet the requirements of 


est one weighs which per 
mits easy handling by two men, and its rugged 
construction permits handling on hand trucks 
or by crane. The million-lb. dynamometer weighs 


30 Ib 


ments are also readily portable. The large units 


only about Associated electrical instru- 
are expected to reduce the time required for 
calibrating a 10-million-lb. testing machine by 
75% and the cost to 50% of that formerly required 
for calibration of a testing machine of only 2.5 
million Ib. capacity. 

Much less skill is required of the operator to 
loads that 
are changing rapidly or that transmit consider- 
able vibration. 


obtain satisfactory readings under 


measurement of 
load can be made at a remote point and the 


Furthermore 


scale division corresponding to capacity load 
may be adjusted to match any desired interval. 

Although the present measuring instruments 
are sufficiently sensitive and easy to handle, it 
is believed that it will be possible to improve 
their quality and design to meet the special 
Such 
improvements will eliminate difficulties in obtain- 
ing the required high degree of stability in the 
strain gages and the measuring circuit and reduce 
the complexity and cost of the 


requirements of — this type of service 


electrical 
components 

Of significance in connection with the develop- 
ment of new type calibration equipment is the 
fact that until about 1950 approximately 90% of 
the elastic calibration devices submitted to the 
Bureau for calibration were proving rings. Now 
the volume of calibration work has increased 
about 100% and load sensing units based on 
resistance wire strain gages comprise about 30% 
of the calibration devices and force-measuring 
units submitted for calibration 

Present practice is to calibrate load-sensitive 
devices having capacities between 300,000 and 
1,000,000 Ib. by means of calibrated proving 
rings in a testing machine of adequate load 
capacity. Load sensitive devices having capaci 
ties between 1,000,000 and 10,000,000 Ib. are 
calibrated by means of the 1,000,000 and 3.000.. 
000-Ib. strain gage dynamometers +) 
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Enhanced Properties 
in Seed Stainless By M. W. MARSHALL, D. C. PERRY, 


High strength-weight properties of 17-7 stainless steel with aluminum, 
hardened partially by martensitic transformation at —100° F. 


and N. R. HARPSTER* 


and further by aging at 950° F., are very useful for aircraft 
and missile parts working up to 800° F. Brazed honeycomb 


Win the dawn of jet engines and super- 


sonic flight, new materials for aircraft construc- 
tion were necessary. One of the major require- 
ments was for materials which could be easily 
formed and still be capable of developing high 
strengths at room and elevated temperatures, 
Precipitation hardening stainless steel meets 
these requirements, It has found wide use, during 
the past eight years, for structural components in 
PS4F, F S86, F100, F102, and F 104 fighter 
aireraft, in the T2V-1l Navy trainer, the B55 
bomber, and the P5M-1 and P5M-2 patrol 
bombers. 

This report covers an important metallurgical 
advance in the heat treatment of Armco 17-7 PH 
to attain even higher tensile properties than were 
previously offered to the aircraft industry, The 
nominal composition of this precipitation harden- 
ing stainless steel is 0.07% carbon, 17% chromium, 
7% nickel, and 1.20% aluminum. The composition 
limits of a stainless steel of this type are much 
more critical than in the conventional A.1.S.L. 
types because of the effect of minor elements on 


*Mr. Marshall is senior research engineer and 
Mr. Perry is research engineer in the Armco Steel 
Corp.'s laboratories at Middletown, Ohio. Mr. Harp- 
ster is research engineer for Armco at Baltimore. 


Table | — Chemical Analysis of Five Arc Furnace Heats 


structures readily lend themselves to this heat treatment. (J 26, J 27, SS) 


the Ms temperature (start of transformation from 
austenite to martensite ). 

In the solution annealed state, known as Con- 
dition A, 17-7 PH has a microstructure primarily 
of austenite, but containing 5 to 20% delta ferrite. 
To develop high strength in this steel, as in other 
steels, a martensitic structure must be obtained, 
and in 17-7 PH the austenite can be transformed 
by either severe cold work or a thermal treat- 
ment. Subsequent heating at 700 to 1100° F. 
results in an additional hardening, believed to be 
caused by the precipitation of an intermetallic 
compound (presumably aluminum-nickel ). This 
heating also acts as a stress-relieving treatment. 

Condition TH 1050—In most aircraft and 
missile applications, fabricated parts are trans- 
formed from austenitic to martensitic micro- 
structure by a thermal treatment, However, since 
the austenite in solution annealed Condition A 
is stable against martensitic transformation, it 
must be “conditioned” so transformation will 
occur at readily obtainable temperatures. Figure 
| illustrates the general principles; it shows the 
effect of various austenite conditioning tempera- 
tures on the Ms point of Armco 17-7 PH. To 
determine these points, 0.050-in. thick specimens 
(which had been commercially annealed into 
Condition A by holding at 
1950° F. for about 1 min.) were 


C (54807) | 0.069 | 0.55 | 0.021 | O.OLL | 0.44) 17.42 
1) (45534) | 0.070 | 0.71 | 0.020 | 0.009 | 0.29 | 17.15 


FE (45328) | 0.071 | 0.74) 0.019 0.006 | 0.28 17.01 


Heat No. | Cc | Mw | P S Si Cr | 


A (44433) | 0.065 | 0.91 | 0.019 | O.OLL | 0.45 | 16.90 | 
B (53836) 0.069 | 0.71 | 0.021 | 0.008 | 0.39 | 17.15 


then held 5 min. at the indicated 
temperatures prior to cooling. 
15 | 1.10 Note that at the lower tempera- 


7.06 | 1.10 tures (1400 to 1600° F.) where 
7.04 | 1.09 the solubility of chromium car- 
7.13) 1.18 bide in the austenite is low, mar- 
7.22 | 1.30 


tensite begins to form on cooling 
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125 to 200° 
F.). As the austenite conditioning temperature 


at fairly high temperatures (Ms 


is increased toward the region where chromium 
carbide is more soluble, the Ms temperatures 
are depressed, reaching a minimum value after 
an annealing temperature of about 1950° F., 
which is the temperature previously used for 
solution annealing. Other data have indicated 
that by further — to 
2200° F the delta ferrite is increased, which 


we believe impoverishes the austenite in chro- 


raising the temperature 


mium and increases the Ms temperature. 

We therefore use a solution annealing tem- 
perature of 1950° F. and an austenite condition- 
ing temperature of 1400°F. so that sufficient 
transformations can be obtained at 60° F. on 
cooling. Upon subsequent hardening at 1050° F, 
the following minimum properties are guaran- 
teed at room temperature for 17-7 PH in what 
we call “Condition TH 1050”; 

Ultimate tensile strength 
0.2% offset yield strength 
Elongation in 2 in. 


180,000 psi. 
150,000 psi 

67 

These properties are readily developed in the 
customer's plant by heat treating fabricated 
parts. In severely cold worked regions higher 


hardness and strength are developed. These 
room-temperature properties have been con- 
sidered adequate for production aircraft. Prop- 
erties up to 650° F. were also acceptable. 

Condition RH 950 — However, with the advent 
of supersonic aircraft and missiles, and the 
accompanying problems due to aerodynamic 
friction and radiant heat from power packs, 
even higher strengths at temperatures up to 600 
and even 800° F. were demanded. To satisfy this 
requirement a new heat treatment has been 
recommended which will insure tensile strengths 
of at least 200,000 psi. (and up to 240,000 psi. ) 
at room temperature. This has been designated 
as “Condition RH 950”. It is developed in parts 
fabricated from Condition A (soft temper ma- 
terial) by the following schedule of treatments: 

1. Heat at 1750° F. + 15° for 10 min.; air cool, 

2. Cool to — 100° F. and hold for 8 hr. 

3. Heat at 950° F. + 10° for 60 min.; air cool. 

The basis of this new heat treatment is the 
retention of more carbon in solid solution in the 
austenite prior to its change into martensite 
This contributes to a stronger and harder marten- 
site after the transformation, Upon subsequent 
precipitation hardening or aging at 950° F. even 
higher strengths are developed than were ob- 
tained by the TH 1050 heat treatment. 

To explore the very high strengths possible 
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=@ Solution Annealing Temperature 


1400 1600 1800 
Conditioning Temperature, °F. 


2000 


Fig. 1 — Effect of Austenite Conditioning Tem 
perature on Start of Martensite Transformation 


with this sequence of treatments, five commercial 
17-7 PH heats with normal variations in chemical 
analyses (Table I) were studied, Table IL shows 
the mechanical properties (at room temperature) 
in the three conditions. 

(Continued on p. 97) 


Table If — Mechanical Properties* of Armco 
17-7 PH 0.050-In. Sheet at 70° F. 


E1Lona HARDNESS 


Hrat 


Condition A (as Supplied) 
126.000 15.000 
127,000 10,000 9 
128,000 12,000 
131,000 45,000 
133,000 15,000 
129,000 47,400 


Condition TH 1050 
164,000 163,000 10 
185.000) 164.000 1] 
189,000 174,000 
199,000 190,000 
209,000 198 000 


193,200 177,800 


Condition RH 950 
226,000 | 213,000 
229,000 | 217,000 
250 000 216.000 
234,000 219,000 
234.000 | 218.000 


250,400 216,000 


* Yield is stress for 0.2% offset; elongation in 
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Armeo 17-7 PH Stainless: Condition RH 950 


Effect of Heat Treatment Variables 


0.050-In. Sheet Tested in Transverse Direction 
Nominal composition: C 0.07%, Cr 17%, Ni 7%, Al 1.2%, Mn 0.75%, Si 0.40% 


Standard heat treatment: Solution anneal | min. at 1950° F., air cool; condition 10 min. at 1750° F.. air cool: 


refrigerate 8 hr. at —100° F.; precipitation harden 60 min. at 950° F., air cool. 


Tensile Strength 
Read left 3 | (Read Left) 


— 


vieta {Read Right) 


Elongation, % in 2 In. 


10 Min. at 16 

Temperature 

1775 10 4 80 

Time at 1750 °F., Min 


Elongation 
(Read Right) 


1700 1725 ~=—«1750 
Austenite Conditioning Temperature, °F. 


Effect of Variation in Conditioning Temperature 


Effect of Time at Preferred Temperature 


100° F 
Tensile Strength yoo ensile Streng 
(Read Left) 


Elongation 12% - 
0.2% Yield 


= 


o- -- 


8 Hr. at Temperature 


__-100° F 


0.2 Yield 
Zero 


1700-1725 1750 


Elongation, % in 2 In. 


o 


1775 8 ié 20 


> 


Stress, 1000 Psi. 


Austenite Conditioning Temperature 


Effect of Refrigerating Temperature 


Tensile 8 
Strength 


0.2% Yield 
Read Left 


A 
Elongation 
(Read Right) 

oO 


1 Hr. at Temperature 


170 


850 900 950 


Temperature, °F, 


750 800 1000 


o 
Elongation, % in 2 In. 


1050 


Effect of Variation in Precipitation Temperature 


Stress, 1000 Psi. 


Time at —100° F., Hr. 
Effect of Refrigeration Time at —100° F. 


Tensile Strength 


Read Left 
0, 2% Yield 


reo. 


Elongation 
(Read Right) 


I To 160,000 Psi 


0 20 40 60 
Precipitation Hardening Time, Min. 


Effect of Time at 950° F. 


Elongation, % 
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As a constituent of many hot atmospheres that employ 
air for combustion, nitrogen in molecular form is usually 
considered substantially inert to a large number of 
metals and alloys. 


However, in atomic state—for example, as a transient 
dissociation product of ammonia — nitrogen may react 
with surfaces of certain metals and distinctly alter their 
properties. Whether this may be desirable or not, de- 
pends on extent and nature of the reaction. 


The Problems 


Industry heats steels to be intentionally nitrided, in 
a freshly dissociated ammonia atmosphere to attain the 
surface hardening that accompanies formation of nitride 
phases. But the problem is, to avoid nitriding the furnace 
chamber, dissociator and other accessories . . . a costly 
and useless consumption of gas. Another problem exists 
in chemical plants, where equipment handling hot 
ammonia must resist the absorption of nitrogen. Here 
nitriding is a form of high temperature corrosion re- 
quiring selection of the most resistant alloys for its 
prevention. 


A Postulate 


Field experience had shown that alloys high in nickel 
resist corrosion and embrittlement by nitrogenous 
atmospheres. However, to evaluate lower nickel alloys 


CORROSION OF NI-CR-FE ALLOYS BY 
ANHYDROUS AMMONIA AT 500°C 
BASED ON 1540 HOURS EXPOSURE 
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in this type of service, a series of commercial composi- 
tions was exposed in a plant ammonia line and the cor- 
rosion behavior thereafter compared. 


Examination 


After 1540 hours’ exposure at 500°C, stainless steels 
having initially a bright surface suffered heavy corro- 
sion that was quantitatively measured by examination 
of the specimen cross section under the microscope. 
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Inco high temperature research note: 
Nitriding 


...and its effects on several heat-resisting alloys 


These measurements were calculated in terms of “inches 
penetration per year” and the variation in extent of 
attack with alloy composition is shown in the graph. 


When the nickel content is high, as in 80 Ni/20 Cr, 78 
Ni/14 Cr (Inconel* nickel-chromium alloy), or 59 Ni 15 
Cr, the nitride phases which form are dense and adherent 
and the corrosion resistance is correspondingly good. 
Alloys that contain more iron develop porous surface 
layers and the rate of attack is high. Significantly, ap- 
parently some chromium is required to previde corro- 
sion resistance, since under these conditions of exposure, 
pure nickel is inferior. 


An interesting observation from this test is that the 
stainless steels which were initially heat-treated to form 
an oxide film were more resistant than specimens with a 
bright surface. 


« 


Material Magnification dark zone nitride rich corrosion layer. 


Result of Investigation 


Quantitative data obtained from this test in general 
support past experience that the high nickel composi- 
tions are inherently suited for service under nitriding 
conditions. 


Inco has investigated hundreds of metals and alloys 
under high temperature operating conditions. If you 
have a metal problem involving high temperature per- 
formance in corrosive media, let us help you, Send for 
our High Temperature Work Sheet . a form that 
makes it easy for you to outline your problem to us. Use 


the coupon now, Registered Trademark 


| The International Nickel Company, Inc. 

| 67 Wall Street, New York 5, N. Y. 

| Please send me the High Temperature Work Sheet 
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Physical Properties of 17-7 PH 


Condition | Condition | Condition 


Property and Units 


A | TH 1050 | RH 950 
> 
Density, Grams per cu.cm 7.81 7.65 7.66 
Lb. per cu.in 0.2862 0.276 0.276 
Specific electrical resistance 
Microhm-com | 8) 85 


Magnetic permeability 


At 25 oersteds | 1.4 to 3.4 to 194) 82 to 88 
At 50 | 1.4 to 3.6 |120 to 167/113 to 130 
At 100 11.4103.5 | 801099 | 75 to 87 
At 200 | 1.410 3.2 | 461055 | 51 


1.4 to 3.6 |134 to 208/119 to 135 

Mean coefficient of thermal expansion; In. per in. per “F. x 10 
0 to 70 “fF | | 
70 to 200 
70 to 400 
70 to 600 
70 to 800 | 
70 to 900 | | 

Thermal conductivity, Btu. per sq. ff. per hr per “F. per in 
At 300 °F 117 (Est 

500 °F | 128 128 (Est 

840 146 146 (Est 
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of FCC 66 Cast-To-Shape 
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modern, money-saving method of tool 
and die making, it is possible to cast 
even intricate shapes to within an 
eighth of an inch of finished size. The 
savings in time and material over that 
of machining from solid stock are 
readily apparent. 

A-L Cast-To-Shape tool steels are 
offered in a variety of grades, and are 
electrically melted to precise labora- 
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compressive strength. In many cases, 
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Winnifred Oakes 


—Blue Ribbon Award Winner, AS.M. Metallographic Exhibit 


BLUE RIBBON AWARD 
WINNER for best photomi- 
crograph in the Slags, 
Inclusions, Refractories and 
Cermets Class—Mrs. Fred 
(Winnifred) Oakes, U.S. 
Steel Corporation, South 
Works, Chicago, Illinois. 
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PHOTOMICROGRAPH 
MADE WITH A 
BAUSCH & LOMB 
METALLOGRAPH 
—"'Blast Furnace Flue Dust 


Sinter"’. 


Bausch & Lomb Metallographs help 
industry boost output and maintain quality by 
providing detailed magnified images—visual or photographic—for routine work and advanced research. 


The B&L Research Metallograph is one of a complete line of metallographic equipments. It provides 
ready choice of four different views of the same sample—by bright field, dark field, polarized light, or phase 
contrast—ensuring complete identification. 


Find out how these faster, easier, completely dependable analyses can help you 
save on time and materials. Write for Catalog E-240, and 

for complete expert advisory service. No obligation, of course. 
Bausch & Lomb Optical Co., 63807 St. Paul St., 
Rochester 2, N. Y. 
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America's only complete optical source. from glass to finished product. 
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RH 950 heat treatment 
tensile 


It is notable that the 
increases both the and yield strengths 
approximately 38,000 psi. on the average ove! 
the TH 1050 heat treatment. The elongation 
values shown for Condition A material — 38 to 
39% — are an indication of the excellent forming 
quality of 17-7 PH stainless steel in the solution 
annealed state. 


Heat Treatment 


In fixing the heating conditions for the RH 950 
0.050-in. sheet material from 
several commercial 17-7 PH heats was selected 
and extensively studied. The following phases 
of the heat treating operation were investigated: 


heat treatment, 


1. Initial heat treating temperature and time. 

2. Time delay between initial heat treatment 
and refrigeration. 

3. Refrigeration temperature and time. 

4. Final hardening temperature and time. 

The information is presented in the data sheet 
on p. 96 so the metallurgical engineer may have 
a full understanding of the limitations in time 
and temperature when achieving the best com- 
bination of high strength and ductility. 

The top left-hand curve sheet shows the effect 
on final properties of variations in initial heat 
treating temperatures as they are varied, inten- 
tionally, from 1700 to 1775° F. Time at tempera- 
ture is also a variable, and the top right-hand 
curve sheet shows the effect of times from 0.5 
to 240 min. at 1750° F. These data indicate that 
the attractively high tensile and yield strengths 
of 235,000 and 215,000 psi. respectively, with 7% 
elongation, can be achieved by conditioning the 
formed sheet at 1750° F. for 10 min. — the first 
step of the heat treatment which is then followed 
by refrigerating at — 100° F. for 8 hr. and precipi- 
tation hardening at 950° F. for 1 hr. These data 
were obtained on 0.050-in. for thicker 
material longer holding times at 1750° F. may 
be required, Also, for thinner n 
times at 1750° F. 
the tensile 


sheet; 


‘erial, longer 


may be employed to improve 
elongation (transverse) at a small 
sacrifice in yield strength. 

Table II gives the mechanical properties of 
7-7 PH 0.050-in. sheet which has been 
given only the initial conditioning heat treatment. 
This is designated as “Condition A-1750" (Con- 
dition A plus heating at 1750° F. for 10 min. and 
air cooling). These properties — especially the 
low yield strengths — show that sheet in this 
for mild forming and 
straightening operations and could be used for 
aircraft skins. After forming into skins or assem- 


annealed 


condition is suitable 
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Table Ill — Mechanical Properties in 


Condition A-1750 


Heat Yretp ELONG HARDNESS 


139.000 
130.000 
133,000 
150.000 
139.000 


38.000 Ib B-82 
$3,000 20 
$3,000 19 B-85 
4.000 B-84 
6,000 17 B-94 


Table 1V—Properties in Condition R-100 


Heat} Yietp | ELone HARDNESS 


175,000 
174,000 
175,000 
171,000 
176,000 


111,000 8 
111.000 | 10 
111.000 9 


118,009 | 6 
120,000 


bling into wing structures, only refrigeration and 
final hardening would then be required. 

Table IV gives the mechanical properties of 
17-7 PH after it has gone through the recom- 
mended schedule of heat treatments up to and 
including refrigeration at 100° F. for 8 hr. 
(“Condition R-100" ), data indicate that 
mild forming and straightening can also be done 
in this condition, but with more difficulty than 
in Condition A-1750, Scale can be removed easily 
A-1750 by a 10% 
acid pickling operation. 

Laboratory tests show that the time delay be- 
tween the conditioning heat treatment and re- 
frigeration is not critical 

The left center graph in the data sheet, p. 96, 
compares the 


These 


from material in Condition 
nitric, 2% hydrofluoric 


properties after refrigeration at 
100° F, Note the higher strengths 
obtained after the latter. Both of these tempera- 
tures are 


zero and at 


easily obtained, Cold rooms are com- 
monly built in the aircraft industry for refrigera- 
tion at zero Fahrenheit. A saturated bath of dry 
ice (solid CO.) in alcohol or acetone maintains 
a temperature of —100 to —109° F, 
Commercial equipment is 
also available for refrigeration at —100° F. 

Samples in the A-1750 condition were refriger- 
ated at — 100° F. from 2 to 24 hr. Tensile tests on 
resulting specimens are shown in the right center 
diagram in the data sheet on p. 96. From such 
studies a minimum time of 8 hr. was selected for 
best combination of strength and ductility. 

The lower left figure on the 


without any 
control equipment, 


same page shows 
the effect on properties of final hardening tem- 
peratures ranging from 750 to 1050°F. (1 hr 
at temperature). Maximum tensile and yield 
strengths are obtained between 850 and 950° F. 
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Finally, the lower left graph gives the effect 
of time at 950° F., % min. to 2 hr. Although 
highest tensile and yield strengths are developed 
after 30 min. at 950° F., maximum tensile duc- 
tility is not reached until the sheet is held 60 min. 
or longer. (All material represented by the two 
lower figures had received the complete prior 
cycle of heat treatments.) 


Physical Properties 


The more important physical properties in 
Condition A, TH 1050 and RH 950 are given in 
the table at lower right of the data sheet, p. 96. 

Dimensional Change — During heat treating 
17-7 PH from Condition A to Condition RH 950 
there is an over-all expansion of 0.004 to 0.005 
in. per in. in all directions. Dimensional allow- 
ances should be made for this increase in the 
fabrication of parts. 


Design Properties 


Aircraft engineers base their designs primarily 
on short-time tension and compression properties 
at room and elevated temperatures. These are 
shown in the two top graphs in the data sheet 
p. 96-B, for Armco 17-7 PH in Conditions RH 950 
and TH 1050 for temperatures of — 100 to 1000° 
F. It will be noted that considerably higher 
strengths are obtained at all temperatures in 
both tension and compression in Condition 
KH 950 than in Condition TH 1050. 

The other figures in that data sheet compare 
strength-weight of 17-7 PH, Condition RH 950, 
with other aircraft structural sheet materials 
used or recommended for severe-temperature 
duty. This comparison is made for short-time 
tensile strength, short-time tensile yield strength, 
and short-time compression yield strength, re- 
spectively, over the range —100 to + 1000° F. 
All data have been proportioned to conform to 
published minimum values at room temperature, 
For 17-7 PH, Condition RH 950, 200,000-psi. 
tensile strength and 180,000-psi. 0.2% offset yield 
strength were used as the basis. 

It can be easily seen that 17-7 PH in Condition 
RH 950 should be considered along with the 
strongest sheet materials currently available, 
when figured per unit of weight over the entire 
temperature range, 

Additional data on other mechanical properties 
have been developed which are of special in- 
terest to the aircraft industry: 

Young's modulus of elasticity was determined 
by a sonic method over the temperature range 
of 75 to 1000° F. It is 29,000,000 psi. at room 


temperature, 27,000,000 at 500° F.. and 23.- 
000,000 psi. at 1000° F. This parallels the normal 
decrease in modulus of the steels and ferrous 
alloys over this temperature range. 


Tension tests of notched samples were made at 
75 and 350° F. to determine the notch sensitivity 
of 17-7 PH, Condition RH 950. Theoretical stress 
concentration factors of 3.4 and 1.9 were obtained 
by opening 1/16-in. and \-in. diameter holes to 
the edge of the test specimen. The tensile 
strength, under these conditions, was respectively 
7% and 14% greater than the unnotched values. 
These results indicate that the product is rela- 
tively free of notch sensitivity. 

Bearing tests were run on 0.050-in. thick sheet, 
using a pin % in. in diameter and an edge dis- 
tance of two diameters. The bearing yield 
strength at 2% deformation of the %-in. hole was 
between 365,000 and 392,000 psi. at room tem- 
perature, The ultimate bearing strength was in 
the range of 455,000 to 470,000 psi. This is 
approximately twice the tensile strength. 

17-7 PH in Condition TH 1050, with tensile 
strength of the order of 190,000 psi., has accep- 
table impact strength. Equally good impact 
strengths were obtained in Condition RH 950 
with higher tensile — about 220,000 psi. 

7-7 PH is readily welded by any of the con- 
ventional methods. Preliminary data on inert-gas 
tungsten-are welded specimens indicate that joint 
efficiencies of at least 85 to 90% can be expected 
in Condition RH 950. These test pieces were 
welded while in Condition A and were subse- 
quently heat treated to Condition RH 950. 

17-7 PH stainless steel has been widely used 
in honeycomb structures. Since they must be 
heat treated in either inert or reducing atmos- 
phere (free of nitrogen and carbon), modifica- 
tions of the standard TH 1050 heat treatment 
have been used. Brazed honeycomb structures 
can now be made with the RH 950 treatment 
and achieve higher strengths by combining the 
brazing operation (through proper selection of 
brazing alloy) with the initial heat treatment at 
1750° F. This must be followed, of course, by 
subsequent refrigeration and hardening. Greater 
savings in weight are foreseen by the use of 
honeycomb structures, heat treated to the high 
strength level of Condition RH 950. 

A number of aircraft engineers who have 
reviewed these data agree that 17-7 PH in Con- 
dition RH 950, because of its ease of fabrication. 
simplicity of heat treatment, and attractively high 
strength, is a material eminently suitable for 
supersonic aircraft and missiles. Se 
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Control of 


Controlled Atmospheres 


Measurement of the carburizing potential of furnace atmospheres 


By D. J. SCHWALM* 


is more accurate if infrared analysis of carbon dioxide 


‘hi THEORY Which governs the control of 
the carburizing or decarburizing potential of a 
furnace atmosphere has been known for many 
years but its proper application is still a major 
source of controversy. Chemical equilibrium 
principles indicate that in the atmospheres con- 
taining carbon monoxide, carbon dioxide, hydro- 
gen and water vapor, the ratios between the 
gases present are constant at any specific tem- 
perature and vary only with temperature. If the 
amount of two or more of the gases present is 
known then the amount of the others can be cal- 
culated to determine the carburizing potential 
of the atmosphere. 

The theory is sound but there are obvious 
pitfalls. For example, the constant relationship 
between the various gases is only exact under 
equilibrium conditions, which are seldom reached 
in industrial heat treating furnaces except in 
small batch furnaces held for long times at 
constant temperature. If each constituent of the 
atmosphere could be measured continuously, the 
equilibrium problem would be solved, but 
obviously such control for production operations 
would be extremely costly. Another problem is 
sampling because the gas analyzed must be 
representative of the atmosphere reacting with 


the steel or the calculation of carburizing poten- 


tial will be meaningless 
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is used instead of dew point determinations. (J 2, S$ 11) 


control by 


In 1934 carburizing potential 


analysis of furnace atmosphere was applied for 
the first time in production, The installation 
was a Holcroft & Co. furnace in the Dodge 
automotive plant for clean hardening and carbon 
restoration of axle shafts, The atmosphere was a 
rich, dry gas whose composition was approxi 
mately 16% CO, 2% COs,, 224 Hy, 74 CH, balance 
nitrogen and its dew point was below 40° F. 

The following year, a gas generator was de 
veloped which produced an atmosphere with 
approximately 21% CO, 16% H, and balance 
nitrogen. The amount of hydrocarbon addition 
necessary to maintain a carburizing potential for 
surface carbon content greater than O.S0% was 
reduced so that sooting was no longer excessive 
The ease and reliability of the process was im 
proved and the attack on alloy parts reduced 
In 1936 ammonia was also added to the gas to 
produce an atmosphere for what is now known 
as the carbo-nitriding process 

This generator was eventually replaced by the 
more convenient and economical nickel catalyst 
generator which produces a gas whose composi 
tion is about 20% CO, 40% H, and 40% N. with 
5 and 50°F. Although 
several disadvantages are apparent when operat- 


a dew point between 


ing with this atmosphere, it is still being used as 


*Metallurgical Engineer, Holeroft & Co., Detroit 
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a carrier gas for gas carburizing, clean hardening 
and carbo-nitriding. 

Among the more obvious difficulties is the 
problem of maintaining constant output analysis, 
The reaction in the generator is a combination 
of an exothermic reaction in which the available 
air combines with the gas and an endothermic 
reaction in which the initial products of combus- 
tion react with the remaining gas. At rated 
capacity it is difficult to maintain constant output 
analysis over the entire flow range so most such 
generators are set up to give a peak capacity of 
only 70 to 80% rated capacity, An even greater 


100 


Fig. 1 — Lo-Dew Atmosphere Generator 


problem is the fact that variation in analysis of 
the principal constituents, hydrogen, carbon 
monoxide and nitrogen, is not possible. When 
natural gas is used, the composition is auto- 
matically 20% CO, 40% H» and 40% No, a mixture 
which is more explosive than the 16% H, and 21% 
CO combination produced by earlier generators 
and which is not as suitable for clean hardening 
and carbo-nitriding operations carried on at tem- 
peratures below 1700° F. 

For these reasons we developed the Lo-Dew 
gas generator shown in Fig. 1. In it, a controlled 
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Relationship Between Carbon 
Potential and Content of Carbon Diox- 
ide or Water Vapor in an Atmosphere 
Containing 17% Carbon Monoxide 


mixture of gas and air is completely burned in a 
closed chamber. The products of combustion are 
cooled by passing through a spray tower, and 
a controlled amount of hydrocarbon is added 
to part of the cooled gas. This mixture is passed 
over 2 catalyst heated by the primary combina- 
tion aid the endothermic reaction produces a gas 
of approximately 17% CO, 20% H, and 63% N» with 
dew points ranging down to at least — 75°F. 
—about the limit of accurate measurement. 
Unlike the earlier endothermic generators, this 
unit can produce atmospheres with a wide range 
of compositions. By changing the amount of 


hydrocarbon added to the combustion products 


the endothermic reaction can be made to produce 
CO, up to about 12%, CO up to 17%, H, up to 
20% and dew points from —75 to 70° F. 

In addition to the furnace atmosphere, the 
generator also produces an exothermic gas at 
a second outlet. This gas is a byproduct of the 
primary heating reaction and corresponds to the 
wasted vent gases from the earlier endothermic 
generators. It is continuously available and has 
a constant analysis because it is formed from a 
carefully controlled mixture. It can be used for 
any heat treating process requiring a lean ex- 
othermic atmosphere. Mixing the two gases pro- 
duced by the generator can give a resultant 
atmosphere anywhere between lean exothermic 
and rich endothermic, It is also possible to use 
the exothermic gas or the entire output of the 
generator minus the hydrocarbon addition to 
purge furnaces containing valuable stock for 
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1600 1700 1800 


1400 1500 1600 1700 1800 


emergency repair shutdowns without any possi- 
bility of explosion. 

The cost of the atmosphere per cubic foot 
produced is low because none of the hydrocarbon 
fuel used in the generator need be wasted, None 
of the fuel is used exclusively for heating as in 
the other kinds of endothermic generators. 

The extremely low dew points which can be 
obtained with this equipment are used only for 
special applications. For conventional use of the 
gas as a diluent for carburizing or carbo-nitrid- 
ing, the dew point is normally held in the range 
of about —10 to 10° F. This range is so far above 
the lower operating limits of the generator that 
continuous operation at rated capacity with 
virtually no sooting is easily maintained, If burn- 
out is necessary, the hydrocarbon addition for 
the secondary reaction is reduced or stopped 
momentarily. This allows a lean exothermic gas 
to pass over the catalyst and react endother- 
mically with any carbon deposited, Because this 
reaction is endothermic there is no danger of 
overheating and damaging the retort. 

The Lo-Dew generator produces a gas with 
not only a lower dew point but also a much 
smaller amount of the combustible components, 
hydrogen and carbon monoxide, Lowering these 
two constituents in a furnace atmosphere alters 
the equilibrium relationship between the atmos 
phere and the carbon content of the steel 
processed since the carburizing or decarburizing 
potential of an atmosphere is governed by the 
composition balance. Equilibrium relationships 
for the Lo-Dew generator gas are shown in Fig, 
2. It is important when using curves of this type 
to bear in mind that they are correct only when 
the assumed constants used to develop the curves 
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equal the actual values in the atmosphere. 

The major question in atmosphere heat treat- 
ing is how to measure and control the gases used, 
The most direct method is by Orsat analysis. 
This has been very satisfactory but is a time- 
consuming operation and requires highly trained 
personnel. For this reason many atmosphere 
installations are operated with measurement of 
only one of the four important gas components. 
The other three are assumed to be constant and 
control is attempted on this basis. At best, this 
method is but a rough estimate of the atmos- 
pheric conditions inside the furnace and only 
serves as a check to show any drastic changes 
in furnace conditions since the last successful 
stock processing, 

The two constituents most commonly meas- 
ured are carbon dioxide and water vapor or dew 
point with the preference favoring the latter 
because of its easy measurement. The preference 
for dew point measurement has increased with 
the development of automatic measuring equip- 
ment, primarily because of cost, and until re- 
cently because no other satisfactory equipment 
was available. This situation has now changed, 
however, with the introduction of infrared 
analyzers for easy, accurate measurement of 
diatomic gases, The problem is no longer “What 
can we measure?” but “What should we 
measure?” 

For an endothermic generator gas with no 
hydrocarbon addition, the decision must be either 
carbon dioxide or water vapor if only one 
analyzer is to be used. The first factor to con- 
sider when deciding between the two is which 
more correctly represents carbon potential. 
Either may be used successfully because their 
relationship to carbon potential is almost identi- 


cal, as shown in Fig, 3. The next consideration is 
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Water Vapor or Carbon Dioxide, % 
— 0.52 0.79 1.16 


Fig. 3—Carbon Potential of 
17 0 24 Type 302 and Lo-Dew Atmos- 

pheres as a Function of Water 
Vapor and Carbon Dioxide 
= Black curves are for 1500° PF. 
Curves in white are for 1700° F. 
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which can be measured more accurately and re- 


liably by present-day equipment. 

The error which can be expected with con- 
ventional dew point measuring equipment is 
reported to be about plus or minus 24°F. The 
error in measurement of carbon dioxide with an 
infrared analyzer is about plus or minus 0.005% 
in the range found in carburizing atmospheres. 
At 1700° F. with either the Lo-Dew or the Type 
302 gas at a carburizing potential of 0.95% carbon, 
variation of 5° F. in dew point is equivalent to 
about 0.25% carbon whereas a_ variation of 
0.01% CO, is equivalent to less that 0.10% carbon. 

If dew point is used for control of the Type 
302 gas, another problem arises when the furnace 
te mpe rature is changed, Conventional dew point 
equipment requires a different ambient temper- 
ature range control for furnace temperatures of 
1700 and 1500° F. If carbon dioxide is the control 
gas, the normal scale of infrared equipment is 
good for such a variation in temperature. When 
hydrocarbon is added to endothermic gas another 
possibility arises. The carbon potential of such 
an atmosphere can be controlled by either of the 
above gases or by measurement of CH,. 

The final decision as to which gas or how many 
gases should be measured and controlled can 
only be based on the particular problems pertain- 
ing to an individual installation. Much research 
effort is being directed to the perfection of some 
method of actually measuring carbon potential 
but as yet we are not ready to insist on any 
specific equipment although we are willing to 
make recommendations as to what should be 
done on individual applications. If the equip- 
ment is purchased and operated on the basis 
that it is not actually controlling but only helping 
to maintain an atmosphere of relatively constant 
conditions it can give very satisfactory results. @ 
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Development of 
Arc-Cast Molybdenum 


By ALVIN J. HERZIG* 


Molybdenum-base alloys have become commercially available 
after a long and often discouraging program of development 
of the necessary equipment and techniques, (C 25, Mo) 


William P. Woodside retired from 


research in 1943, I believe that he thought his 
primary job was done and that the organization 
he had founded would proceed without his guid- 
ance along the line he would wish to see it travel. 
We believe we have made progress since that 
time in several areas of effort, among the most 
interesting being our program on arc-cast molyb- 
denum. We must acknowledge that the Wood- 


side philosophy of investigation contributed a 


good deal to such progress as we have made. 
The possibility that molybdenum had a metal- 


lurgical future beyond the realm of an alloying 
element in iron-base allovs was by no means 
an original concept in our organization. The 
processes of powder metallurgy developed many 
years before, and the advancement of certain 
nickel-base alloys which had a fairly high con- 
tent of molybdenum, provided positive evi- 
dence that a new approach to the field of molyb- 
denum-rich materials might be technically and 
commer ially attractive. It is not an easy matter 
to recollect the complete chain of ideas which 
grew into what we now call the arc-cast molyb- 
denum program. Even in the earlier years, Mr 
Woodside had encouraged what he called metal- 
lurgical slumming. 

Our first investigations outside the ferrous field 
were with copper, nickel and cobalt-base alloys 
containing relatively large percentages of molyb- 
denum. In the study of dispersion of molybdenum 
in copper, we saw molybdenum metal segregates 
and this was the first time any of our staff had 
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observed a consolidation of molybdenum by a 
It must 
be admitted, however, that in looking back, we 


process other than powder metallurgy 


cannot establish a conscious connection between 
these experiments and the beginning of our are 
cast melting program other than the fact that the 
14th on a suggested list of projects prepared in 
1937 was the subject “preparation of large 
bodies of molybdenum”. The high melting point 
of molybdenum and the special atmospheres 
required when melting it appeared to be formid- 
able obstacles 

As a result of the work during the early war 
years on the production of chromium-base alloys, 
we obtained a good deal of experience with 
temperatures higher than those ordinarily em 
ployed in ferrous research, with the behavior of 
available refractories and with the attainment 
and maintenance of reasonably good vacuums 
in spaces large enough to conduct metallurgical 
operations. Perhaps of even greater significance, 
the chromium-base alloy program established in 
our staff a conviction that the pure metallic state 
was a ductile state. It now makes little difference 
whether this conviction is basically true or false 
Its acceptance as truth provided the incentive to 
continue when during the early months of re 
search, ingot after 


ingot, presumably free of 


deleterious impurities, fell apart in the first forg 


* President, Climax Molybdenum Co. of Michigan, 
Detroit. This is the third and final article of a series 
based on the 13th annual Woodside Lecture pre 
sented to the Detroit Chapter @ 
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Fig. 1 — Fractograph of Cast Molybdenum Re- 
veals Oxide Film Which Causes Embrittlement 


ing operations, In 1943, when we were invited 
to participate in a program to develop and extend 
the processes of powder metallurgy to attain 
larger bodies of molybdenum, we requested per- 
mission to work on the problem of consolidating 
large bodies of molybdenum by processes other 
than powder metallurgy. This request was 
granted, The program has been continuous since 
that date on an ever-expanding basis. 

The following broad specifications were de- 
veloped for the opening experiments: 

1. Melting temperature would be attained by 
an alternating current are in vacuum using two 
horizontal consumable molybdenum electrodes. 

2. The electrodes would be sintered molyb- 
denum rods, 

3. Are spacing would be controlled manually. 

4. Metal from the are would be allowed to 
drop on a sintered molybdenum block to solidify. 


The Brittleness Problem 


A series of experiments on this pattern yielded 
valuable information. 

The techniques were satisfactory; the alter- 
nating current arc in vacuum not only supplied 
power to melt but provided a substantial and 
indeed an essential degree of superheat, since 
we intended to produce ingots, not metal shot. 
Even in this crude setup, the arc was relatively 
stable and could be maintained by manual con- 
trol. Unfortunately the product was not as good 
as we expected, The porosity of the metal buttons 
was the first evidence that a gas problem would 
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be involved, We presumed the gas was hydrogen 
from the sintered electrodes. In addition, the 
buttons were extremely brittle. 

There were conferences and more experi- 
ments. The apparatus was changed to a vertical 
position, One sintered electrode was eliminated 
by using the bottom block as the second elec- 
trode. A copper block was eventually substituted 
for the molybdenum bottom piece. The gases 
evolved during melting were analyzed and were 
found to consist chiefly of carbon monoxide and 
nitrogen rather than hydrogen. The product was 
still extremely brittle. 

However, as we gained experience with the 
apparatus, the product was beginning to clean 
up both externally and structurally, and 1-in. 
diameter buttons could be produced regularly, 
although they could not be deformed appreciably 
at any temperature. Degassing the electrodes 
prior to melting gave inconclusive results. 
Chemical analyses and metallographic examina- 
tions did not detect the contaminants we were 
certain must be present. We continued to strive 
for higher purity without knowing what impuri- 
ties we wanted to remove. Finally came a ray 
of hope. An occasional slug exhibited some hot 
plasticity in that a blow with a ball-peen hammer 
indented rather than fractured it. Chemical 
analyses and metallographic examinations still 
failed to characterize a good slug and a bad 
slug. Eventually, the fortuitous examination of a 
fractured surface of a brittle slug was made at 
high magnification by Gordon C. Woodside. 
Pink to purple plates of a constituent on the 
fracture faces of the totally brittle material were 


Fig. 2 — Deoxidation of Molybdenum With Carbon 
Produces Feather-Like Structure in Fractograph 
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observed, as shown by the dark areas in Fig. 1. 

The sheets of oxide are so thin that they 
escape detection in a metallographic cross sec- 
tion mechanically polished. In recent years, we 
have developed electropolishing methods which 
would reveal this amount of oxide, although the 
oxygen content in this specimen is less than 
0.01%, At first we stumbled briefly on the possi- 
bility that the colored constituent was a film of 
copper produced by contamination from the 
bottom copper block. However, we soon per- 
fected the technique — of high-magnification 
fractography and on the basis of many exami- 
nations and a lot of argument, decided that the 
constituent must be an oxide of molybdenum 
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tree 


Fig. 3 — First Successful Equipment Used to 
Melt Molybdenum Ingots in Commercial Sizes 


The necessity for better deoxidation was indi 
cated, so we drilled holes at 's-in. intervals in the 
electrodes and filled them with graphite, The 
slug produced from such electrodes withstood 
an encouraging amount of hot deformation and 
the porosity was gone —so were the plates of 
oxide. Feathery constituents replaced the oxide 
at the grain boundaries and these feathers, shown 
in Fig. 2, are a typical manifestation of carbide 
on the fracture facet of a sample from a molyb- 
denum casting. Carbide in a polished metal. 
lographic cross section appears in the more con 


ventional form familiar to metallographers 
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Casting a 2-in. ingot in a water-cooled copper 
mold was the next objective. The first ingots 
were only a few inches long but finally an ingot 
10 in. long, sound and forgeable, was obtained. 

A forged and annealed bar from this ingot 
showed approximately 50% elongation in a 0.505- 
in. test section. This convinced us that arc-cast 
molybdenum was metallurgically feasible and 
could give us soundness and ductility not 
achieved at that time by powder metallurgy. The 
loose ends of quantitative refinement were left 
dangling as we went on to the problem of obtain- 
ing a more suitable electrode, The objective was 
to form the electrode from powder within the 
vacuum container at a variable but controllable 
rate. We wanted to add the carbon for deoxida- 
tion prior to compacting and were reasonably 
certain alloys could be added in the same way. 
We soon found that this operation required a 
unique mechanism and several designs were 
proposed, 

The first successful device employed a crank 
and connecting rod to drive the compacting 
piston and a cylindrical collet die actuated by 
springs which resisted lateral pressure while com- 
pacting an electrode section, but released the 
compact for downward movement of the elec- 
trode at the end of the stroke. The machine was 
a monstrosity, as shown in Fig. 3, but it melted 
3-in. diameter ingots, 24 in. long. The billets were 
the first to be rolled on a commercial mill and 
yielded the first significant quantities of bar stock 
for determination of physical properties. In the 


Fig. 4 — Coarse Grain Structure of 6-in. 
Diameter Ingots. Approximately half size 


meantime, we had not only obtained confirma- 
tion by X-ray analysis that the intergranular 
phase of inadequately deoxidized ingots was in- 
deed molybdenum dioxide, but also that too 
high a residual carbon content could detract 
from the hot: plasticity of smaller section sizes. 

A larger machine went into operation late in 
1946 and produced 6-in. diameter ingots weigh- 
ing up to 350 Ib. It is still in operation at the 
laboratory on experimental operations. The in- 
crease in ingot size introduced new problems in 
fabrication, especially at the ingot cogging stage. 
The yield was only slightly better than prohibi- 
tive but we concluded that it was necessary to 
go on. Although there was a decided lull in 
interest in molybdenum and its alloys for defense 
purposes, a new interest in unusual materials 
had been created in the industrial field. We 
hoped that we might remove molybdenum from 
the category of exotic materials and satisfy the 
growing demand for ultra high-temperature 
strength. Some applications were suggested and 
this was enough to carry us through the dismal 
and unsuccessful period of developing a feasible 
hammer-cogging practice for the coarse-grained 
ingots. The extremely coarse structure of the 
6-in, ingots is apparent in Fig. 4. 

In retrospect, it seems we went out on a limb. 
If we were going to come anywhere near a com- 
mercial cost, we had to melt still larger ingots 
and yet it was almost certain that larger ingots 
would complicate the operation of breaking down 
the coarse ingot structure. Nevertheless, in the 
fall of 1949, we received approval to build a 
melting unit capable of melting ingots up to 
12 in. diameter and 4 ft. long. We proposed to 
solve the cogging problem by press forging or 
by extrusion. 

“This unit, shown in Fig. 5, produced a sound 
1000-Ib. ingot about mid-January, 1951. The 
deoxidation in the new machine was comparable 
to that in the previous machine but the recovery 
from hammer-cogged and pressed-forged ingots 
remained disappointingly low. Then came word 
of the Sejournet extrusion process. Ingot sections 
flown to France were successfully reduced by 
extrusion. A repeat program revealed that this 
extrusion practice was much better suited to the 
tender cast structure than press forging or 
hammer cogging. 

The extrusion process is still the most feasible 
for breaking down arc-cast molybdenum ingots. 
The macrostructure as extruded is shown in Fig. 
6. Turned ingot sections 8% in. in diameter and 
weighing 400 Ib. have been extruded success- 
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Fig. 5 — Melting Equipment 
Installed in 1950 to Produce 
12-In. Molybdenum Ingots 


fully to 6-in. diameter bil- 
lets. The 
however, is to supply 


usual practice, 
turned ingot sections 6%» in. 
in diameter and 20 in. long 
for extrusion to 3% to 4'4- 
in. diameter billets. 

The principal problems 
encountered in rolling ex- 
truded billets were the 
requirement of frequent 
reheating, the problems ot 
slipperiness and of  visi- 
bility due to the continuous 
volatilization of molybde- 
num trioxide and the un- 
usual stiffness of the mate- 
rial. Semifinished arc-cast 
molybdenum products of adequate quality for 
pilot development programs became available 
about the middle of 1951 in a variety of round 


bar sizes, sheet bar and sheet. 
Meeting Base-Metal Requirements 


As soon as it appeared feasible to produce 
larger bodies of molybdenum than those which 
were available from the processes of powder 
metallurgy and which could be fabricated to 
the shapes required for commercial applications, 
it appeared desirable to take a still broader view 
of the entire development. No one doubted that 
the largest ultimate use of arc-cast molybdenum 
would be found in the alloys for which molybde 
num served as a base metal rather than in the 
pure molybdenum metal. 

The list of elements which have achieved the 
role of alloy base metals in all metallurgical 
history is not particularly long. The metals of 
antiquity would be copper, iron, tin, lead and a 
few of the noble metals. The modern metals on 
the list would be nickel, zinc, aluminum, cobalt 
and magnesium. Intensive laboratory work at 
the present time on new alloy base metals 
centers around titanium, molybdenum, chro- 
mium, zirconium and columbium. 

To become a base metal for an alloy system, 
the metal must meet certain requirements, First, 
it must be available in quantities commensurate 
with the proposed usage. Second, it must be 
amenable to the developed methods of com- 
pounding its alloys. Third, the properties of its 
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alloys must meet some new engineering require 
ments not fulfilled by existing materials, Fourth 
the alloys must be commercially useful 

Our decision to undertake a full program on 
molybdenum-base alloys necessitated a further 
expansion of research and development facili 
ties and when the first binary molybdenum alloys 
produced with tungsten and vanadium exhibited 
superior stress-rupture strength, the Office of 
Naval Research sought to speed up the develop 
ment by sponsoring research on molybdenum 


Fig. 6 — Macrostructure of an 
Extruded Molybdenum Billet 
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to thermal shock. Six years of 
development effort have indi- 
cated that molybdenum-base 
alloys will soon be added to 
the list of materials of construc- 
= tion and will extend the use 
of the metallic state to a 
temperature range beyond the 
realm of the older classic alloys. 
Figure 7 shows the stress-rup- 


Molybdenum ture strength of the system 
alloys 


of molybdenum-base alloys al- 
ready explored compared with 
the stress-rupture strengths of 
other established or proposed 
refractory materials. The area 
dotted in color shows the stress- 
rupture strengths obtained in 


300 500 1000 1500 


Temperature, °F. 


Fig. 7 — Stress-Rupture Strength of Various Materials 


base alloy systems. One of these sponsored pro- 
grams began in our laboratory in 1950. The 
program continues at this time toward the 
establishment of the general characteristics of 
the system of molybdenum-base alloys. 

The metals iron, copper, tin, lead, aluminum, 
zinc, chromium, magnesium and nickel are house- 
hold words. Even rarer metals, such as cobalt, 
tungsten and the noble metals, ate well known to 
the public at large. Molybdenum, on the other 
hand, is a relatively unknown word. Although 
molybdenum was filling a responsible position 
in the field of alloy steels as long as 25 years ago 
and although it is the only alloying element 
commonly applied today in the field of ferrous 
metallurgy whose principal supply is in the 
United States, the element has never achieved 
particular notice at the popular level. It is quite 
probable that this lack of public knowledge is 
due to the fact that molybdenum has no use 
which parallels the use of tin in cans, copper 
in wire, lead in pipe and batteries, aluminum in 
foil and chromium and nickel in plate. 

Built around a metal with a melting point of 
approximately 4750° F. and an elastic modulus 
of 47 million psi, a lowest temperature of 
recrystallization of 1650°F., a low coefficient 
of thermal expansion, high thermal conductivity 
and an extraordinarily low gas content, arc-cast 
molybdenum-base alloys are characterized pri- 
marily by superior strength and stiffness at ele- 
vated temperatures and by excellent resistance 
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the presently known binary 
2000 alloys. Even in the lower por- 
tion of this area, the strengths 
compare favorably with the 
cermets. The upper portion in 
black shows the strengths of the ternary alloys 
on which exploration has just been undertaken. 


Applications 


Such characteristics suggest several important 
applications in the field of the modern turbine 
engine, the ram-jet and the rocket-propelled 
devices. They indicate applicability to special 
hot working tools and to machine tool elements 
and airframe applications requiring materials 
of high modulus. The latter applications would 
be room-temperature uses of the materials now 
becoming commercially available. 

Specific development programs are being con- 
ducted in industry on such items as incandescent 
and fluorescent lamps, electronic tube elements, 
wire, shields and baffles for electric furnaces, 
electric glass-melting furnace electrodes and 
stirring rods, electrical contacts, heat treating 
furnace rollers and parts, piercing points for 
seamless tubing, hot work and die-casting dies, 
boring bars and spindles, turbine blades, heat 
exchangers for nuclear reactors, flame holders, 
guide vanes and superior abrasion resistant tools. 
The alloys also present new possibilities by virtue 
of their special resistance to attack by certain 
chemical environments. The principal problems 
remaining in these areas of specific applications 
deal with the fabrication in forming of parts 
and with the protection against oxidation where 
the applications involve an oxidizing environ- 
ment. The formability is indicated by the flow- 
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Fig. 8 — Flow-Turned 
Shape Made From 
Molybdenum Sheet 


turned section of 1/16-in. molybdenum sheet 
shown in Fig. 8. The same section has also been 
formed with 3/16-in. plate. 

Arc-cast molybdenum machines well if pro- 
vision is made for the abrasiveness of even the 
pure metal. Highly specialized techniques are 
required for successful welding and, like the 
problems of oxidation resistance, welding prac- 
tices must be precisely adapted to the specific 
An addi- 


tional source of supply of the products will soon 


requirement of a given application. 


be in operation and the newest supplier is also 
undertaking the development of further improve- 
ment in the low-temperature ductility of the 
produc ts through establishment of what is called 
“closed circuit fabrication”. This system provides 
the ideal environment for the material from the 
time the powder is charged to the melting 
machine until the time the semifinished products 


have been manufactured. 
Conclusions 


Molybdenum is abundant in the western hemi- 
sphere, and the evolution of molybdenum and 
molybdenum-base alloys as engineering mate- 
rials involves the developme nt of four major 
aspects of the over-all problem. These aspects 
are: (a) the establishment of the properties 
obtainable in the new materials, (b) the develop- 
ment of commercial methods of producing and 
fabricating the new materials, (c) the discovery 
of methods for protecting the materials from 
oxidation at elevated temperatures, and (d) the 
design of machines and equipment to use the 
new materials in our expanding technology. 

The status of arc-cast molybdenum and its 


alloys on these four counts is as follows: 
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1. The metallurgical foundation for the de- 
velopment of the new series of metallic alloys 


is virtually assured. Wrought alloys ame nable 
to most of the current fabrication processes and 
having characteristics at elevated temperatures 
well beyond those of the present so-called “super- 
alloys” are being produced. 

2. Pilot operations over a period of four years 
have demonstrated that the commercial produc- 
tion of molybdenum and its alloys by the arc 
casting process is feasible. For large section sizes 
and for material having special requirements 
such as low gas content, molybdenum produced 
by the arc-cast process has advantages over the 
materials produced by powder metallurgy 

The difficult problem of protecting molyb- 
atten 
tion of many well-qualified investigators, both 
at the fundamental and the practical levels. The 
question of protecting molybdenum has already 


denum from oxidation has received the 


been reduced to a matter of relative effective 
ness of coatings rather than possibility of pro- 
tection. Although a universally applicable method 
of protection still appears to be a long way off, 
that the 
to the problem for special strategic applications 
is not far away. 


results at this time indicate solution 


4. Substantial quantities of the alloys are being 
made available for experimentation and for 
limited production items where oxidation resis- 
tance is not a prerequisite to sustained perform- 
ance. Most, if not all, of the applications require 
developments in design if the full benefit of 
It can be 
expected that in the near future applications of 
the new materials will result in some revolu 
tionary engineering developments. Cs) 


the new materials is to be secured 
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Flaws in Large 
Forgings 


WATERTOWN, Mass. 

I would like to comment on the 
problem of detecting small but dan- 
gerous flaws in large masses of 
metal — especially — forgings — from 
the standpoint of a physicist who 
has been doing a considerable 
amount of development work on 
ultrasonic and other nondestructive 
test methods, The occasion is your 
comment toward the end of the 
review of “Recent Accidents With 
Large Forgings” which appeared in 
Metal Progress for February. 

We seem to be passing through a 
period of time wherein extreme de- 
mands are being made upon metal 
products of all kinds, Perhaps this 
is not a new situation, but one gets 
the feeling that more is at stake now 
than before, Ultrasonic techniques 
have revealed many “indications” 
possible sources of failure — which, 
because of the state of the art, can- 
not be pinned down as to their na- 
ture or magnitude without destruc 
tive examination. Such uncertainty 
of interpretation is inherent in all 
indirect tests, including the mag- 
netic, radiographic, and others. I 
know of no short cut to this problem 
of interpretation, 

Correlating these indications with 
the findings of destructive tests, upon 
which the validity and significance 
of the former are based, is a time- 
consuming and expensive operation. 

Consider the dilemma faced by 
the engineers responsible for the 
“Arizona” rotor. On one hand, they 
had test data of questionable signi- 
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ficance. On the other hand, they had 
incomplete data on the significance 


of various discontinuities on service 
performance, The economics of the 
situation then becomes the govern- 
ing factor and educated guesses are 
the best that can be done, from a 
technical standpoint. 

Those of us involved with the 
development and standardization of 
nondestructive tests understand this 
situation because it is the rule rather 
than the exception. It seems that a 
catastrophic failure or two is re 
quired to raise the level of effort to 
the point which can generate a so- 
lution in reasonable time. 

Ultrasonically, “flaws” can be de 
tected in almost any sample of metal 
This relatively new tool is extremely 
powerful, In the over-all picture, it 
can reveal inhomogeneities in struc 
ture, mechanical properties and 
chemistry (segregation), the pres- 
ence of macroscopic “flaws”, dislo- 
cation behavior, magnetic behavior 
and other things. To determine 
which of these factors, singly or in 
combination, is responsible for the 
indication is virtually impossible at 
the present time. Hence, the use of 
these nondestructive techniques for 
acceptance or rejection varies widely 
with the complexity or uniformity 
of the product, Uusually, after the 
parts are accepted despite many 
“indications” and the first few catas 
trophic failures occur, the pendulum 
swings the other way and unwar- 
ranted rejections are frequently 
made, based largely on fear rather 
than facts. 

In summary, the problem revolves 
around new tests which are only par 
tially understood, new quality cri- 
teria which are not adequately de- 


scribed, and new demands on steel 
production practice which may be 
difficult to cope with. Considerable 
effort is now being devoted to un- 
scramble the data from nondestruc- 
tive tests. This effort must be allied 
to metals engineering progress to 
understand the causes of failure. It 
is an extremely slow process. 
C. H. Hastincs, Chief, 
Nondestructive Testing Branch 
Watertown Arsenal Laboratories 


Snyder Furnace Still 
Operating 


Nortu TONAWANDA, N.Y. 

The article “Fifty Years of Prog- 
ress in Electric Furnace Steelmak- 
ing”, by Howard J. Stagg in the 
April issue of Metal Progress, was 
very interesting to us, espec ially the 
picture of the Snyder electric melt- 
ing furnace, vintage 1915. 

We have in our steel foundry a 
Snyder furnace installed about that 
time and still operating every day. 
It is a three-phase furnace with two 
electrodes through the roof and a 
water cooled bottom connection for 
the third phase. 

There were many of these fur- 
naces in operation in the United 
States during World War I and quite 
a few Greaves-Etchells. 

We would be interested to know 
if we have the last of the Snvder 
furnaces still in operation in this 
country. 

Josern H. Sanpen 
President 
Tonawanda Electric Steel 

Casting Corp. 
(More Letters on p. 112 


METAL PROGRESS 


i eee 
{ 


ALLOYS 


“Quality Plus Service” 


A New Booklet 
Available to You... 


Columbium . . Ferrocolumbium and Ferrotantalum. 


Columbium. 


Manganese . . Standard Ferromanganese, Low. 


and Medium-Carbon Ferromanganese, Low-lron 


A letter or post card is all that is needed to 


Ferromanganese, ““Mansiloy”’ Alloy, Electrolytic 
get ELecrromet’s new illustrated 4-page folder Manganese Metal, and other Manganese Alloys. 
on electrolytic chromium and electrolytic man- 


Silicomanganese . maximum 1.50%, 2.00%, 


ganese metal. This attractive booklet gives mec 
and 3.00% carbon grades. 


complete information on analyses, sizes, weight, 
Silicon . . Ferrosilicon in all grades, including both 
regular and low-aluminum material, Silicon Metal, 
"SMZ” Alloy, Magnesium Ferrosilicon, and other 
Silicon Alloys. 


packaging, and uses of these high-purity prod- 


ucts. If your melting practice calls for the 
addition of chromium or manganese that is 
over 99 per cent pure, these data will be impor- 
tant to you. Write the nearest ELecTROMET Titanium . . Low-Carbon Ferrotitanium, Silicon. 
office listed below for your copy today. Ask for Titanium, and Manganese-Nickel-Titanium. 


Booklet A-025. 


Tungsten e « Ferrotungsten, Tungsten Powder, 


Calcium Tungstate, and Calcium Tungstate Nuggets. 


Vanadium . . Ferrovanadium in all grades, Alumi 
num-Vanadium, Vanadium Oxide (Fused), Sodium Pol 


ALLOYS FOR EVERY NEED yvanadate (Red Cake), and Ammonium Metavanadate, 


Boron . . Ferroboron (in minimum 10.00% and Zirconium .. 12 to 15% and 35 to 40% Zirconium 
7.50% Boron grades), Manganese-Boron, Nickel- Alloys, and Nickel-Zirconium. 
Boron and Boron Carbide, 


“EM" Briquets Silicon, Silicomanganese, Ferro 
Calcium . . Calcium-Silicon, Calcium-Manganese- manganese, Chromium, and Zirconium Briquets 


Silicon, and Calcium Metal. 
Chromium. . “Simplex” Low-Carbon Ferrochrome 


low 0.010 Carbon), LowCarton ELECTRO METALLURGICAL 


Ferrochrome (from 0.02% to 2.00% maximum 


Carbon), Nitrogen-Bearing Low-Carbon Ferrochrome. COMPANY 


High-Carbon Ferrochrome, Exothermic Ferrochrome. A Division of Union Carbide and Carbon Corporation 


30 East 42nd Street (qa New York 17, N.Y. 


OFFICES: Birmingham Chicago « Cleveland Detroit 
Houston « Los Angeles * New York © Pittsburgh © San Francisco 


Exothermic Silicon-Chrome, “EM” Ferrochrome- 
Silicon, “EM” Ferrosilicon-Chrome, “SM” Ferro- 
chrome, Foundry Ferrochrome, Foundry Ferrosili- 


con-Chrome, Electrolytic Chromium Metal, and 
In Canada: Electro Metallurgical Company, Division 
of Union Carbide Canada Limited, Welland, Ontario 


other Chromium Allo 


Information about these and other alloys and 
metals produced by ELectROmET is contained in 
our catalog “ELectrometT Ferro-Alloys and 
Metals.” Write for a copy. 


“Electromet,” "EM," Mansiloy,” "Simplex ,"""SM," and 


are trade-marks of Union Carbide and Carbon Corporation 
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Sleeve-Bearing 
Material 


STEUBENVILLE, Onto 
When I read of Mr. Smith’s search 


was to try synthetics or plastics such 
as Nylon or Teflon, glass or other 
ceramic materials or graphite. 
Fortunately, instead of writing 
immediately to Mr. Smith, I contin- 
ued reading Metal Progress and 
found on p. 152 what appears to be 


was such a remarkable coincidence 
that I could not refrain from calling 
it to your attention. 


Frank G. Norris 
Metallurgical Engineer 
Wheeling Steel Corp. 

Eprror’s Nore — We too were sur- 


for a long-lived sleeve bearing in the 
Correspondence section of the April 
issue, | thought of three possible 
solutions. The requirements 


chemical inertness, abrasion 


ance and immunity to radiation dam 
age are difficult and my suggestion 


resist- 


a solution to his problem presented 
on p. 104, The advertisement 
Dixon Corp. entitled “Here’s Why 
Rulon Solves Bearing Problems” de- 
scribes a bearing material whose 
properties appear to match almost 
exactly the requirements listed. It 


keeping up with 


Sodium handling 
in the plant 


new book describes how \> 


THIS BOOK (6 FOR ENGINEERS AND PRODUCTION MEN 
WORKING IN DESIGN, OLVELOPMENT AND OPERATION 
OF SODIUM HANDLING EQUIPMENT 


CONTAING INFORMATION SUCH 
© DETAILS OF TYPICAL SODIUM-USING PROCESSES 


@ DETAILS OF CQUIPMENT INSTALLATION, 
INSULATION, HEATING, REPAIR 


© RECOMMENDATIONS FOR SODIUM PUMPING, 
METERING, INSTRUMENTATION 


@ SAFETY IN DESIGN AND OPERATION 


FORTY~FOUR PAGES OF DETAILED INFORMATION ON 
SODIUM HANDLING BASED ON IN~PLANT EXPERIENCE 
NO SUBSTITUTE FOR DIRECT US 1. TECHNICAL ASSIST- 
ANCE, THIS BOOK WILL NEVERTHELESS PROVIDE THE 
READER WITH A SOLID FOUNDATION IN THE PRINCIPLES 
AND PRACTICES OF SODIUM ENGINEERING, AVAILABLE 
FROM WITHOUT CHARGE 


| a heap of 


WELL OVER A HUNDRED THOUSAND TONS OF SODIUM 
ARE USED IN THE UNITED STATES EVERY YEAR. 140 
MILLION FOUNDS GO INTO TETRAETHYL LEAD, ABOUT 
45 MILLION INTO SODIUM CYANIDE, ALMOST AS MUCH 
INTO FATTY ALCOHOLS, 7 TO 10 MILLION INTO SODIUM 
PERORIOE, ABOUT 4 MILLION INTO HYDRIDE 
DESCALING OF STEEL, AND ABOUT 4 MILLION TOR 
INSECTICIDES, DYES, ORUGS, ALKOXIDE PREPARATION 
SPECIALTY CHEMICALS, ATOMIC ENERUY AND A 
Of OF MISCELLANEOUS USES. AND NOW TITANIUM 
METAI, SOSEBACIC” ACID AND MANY ORGANICS 
ARE JOINING THE LIST 


U.S.1 TECHNICAL SERVICE HAS BEEN CALLED ON 
BEFORE OR DURING DESIGN OF ALMOST EVERY NEW 
SODIUM HANDLING UNIT BUILT DURING THE PAST TtW 
YEARS. THE SAME SERVICE 15 AVAMADLE TO YOU IN 
ALL PHASES OF YOUR DEVELOPMENT, DESIGN, AND 
PRODUCTION 


soDIUM 


SODI 


THAT MILD STEEL 1S SATISFACTORY 
FOR MOST SODIUM HANDLING 
EQUIPMENT? 


THAT SODIUM PIPELINES CAN BF CUT 
AND REWELDOED WITHOUT DRAINING? 


THAT SODIUM BRICKS ARE MOLDED 
iN OPEN AIR? 


THAT MOLTEN SODIUM CAN BF 
PUMPED AND METERED 
CONTINUOUSLY? 


THAT THE ATOMIC ENERGY 
COMMISSION HAS STUDIED 
OVER 60 CONSTRUCTION 
MATERIALS FOR SODIUM 
HANDLING? 


RESULTS OF THE A.£.C. STUDIES 
ALONG WITH MANY OTHER DETAILS OF SODIUM HANDLING 
TECHNOLOGY, ARE PRESENTED IN U 5.1/5 NEW BOOK. 


ASK FOR NEW U.S.1. SODIUM HANDLING BROCHURE. 


USTRIAL CHEMICALS CO. 
Division of Mational Distillers Products Corporation 
99 Pork Avenue, New York 

Branches is principal cities 


prised by this unusual presentation 


of problem and solution in the same 


issue. The Correspondence section 


was processed for printing several 
weeks before the Dixon Corp. ad- 
vertisement was submitted and no 


one compared the two until after 
the April issue was published. 


Sackcloth and 
Ashes Dept. 


Meta Procress has recently 
been plagued with an epidemic of 
typographical errors, not all of them 
due to the printer—that handy 
whipping boy — but very embarass- 
ing, no matter who is responsible. 
To those who may have been misled 


when reading pages originally, or 
for those who keep their copies for 
binding, the following corrections 
are addressed: 


Large Forgings — Minimum ten- 
sile strength of the steel on p. 54, 
February, should read 110,000 psi. 
(11,000, as shown, is for plastics.) 

Turbine Blades — Vertical ordi- 
nates for the stress-to-rupture curves 

Fig. 3, p- 54, March — should be 
doubled. (Rusty slide rule used 
when converting long tons per sq. in. 
to psi.) 

Metallography — The micro on p. 
100 of the May issue got turned up- 
side down somewhere between the 
OK'd page proof and the printed 
magazine. 

Aluminum Alloy Castings — The 
column headings in the table on p. 


79 of the April issue were reversed, 
The mechanical properties after heat 
treatment are: 


356-T6 356-T71 

Tensile strength 33,000 28,000 
Yield strength 24,000 21,000 
Elongation 3.5% 3.5% 
LD-Process — This new steel-mak- 
ing process was worked out at the 
steel plants of Vereinigte Ocster- 
reichische Eisen und Stahlwerke Ak- 
tiengesellschaft (VOEST), Linz, and 
Oesterreichische Alpine Montange- 
sellschaft, Donawitz. The latter firm 
was not properly credited in the 
article starting on p. 49, January. @ 
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Enlargement showing the contact springs at the “heart” of one model of the Levolier® switch mechanism. Levolier 
switches are used in industrial and commercial lighting, in heavy-duty industrial sockets, in appliances, fixtures, ete. 


The Anaconda alloy tailored for this 
punishing service actually costs less 


Cutaway of Levolier Switch No. 41 shown 
approximately actual size. 


THE PROBLEM: The McGill Manufac- 
turing Company, Inc., Valparaiso, In- 
diana, was interested in a desirable sub 
stitute for a premium copper alloy used 
in contact springs for their widely known 
Levolier switch mechanisms. Unexcelled 
quality had to be maintained with a new 
alloy that would help hold prices against 
rising costs. As these switches are de- 
signed for long service and heavy-duty 
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industrial service, the spring material has 
to be tough and durable. 


THE SOLUTION: In 1952, McGill cis- 
cussed the problem of an alternate spring 
material with a metallurgical engineer 
from The American Brass Company. 
After an analysis of the requirements, a 
special Anaconda alloy was offered 

Ambronze-422, rolled to spring temper 


Samples were prepared and tested by 
McGill and Underwriters’ Laboratories. 
The material performed satisfactorily in 
standard tests—current carrying capac- 
ity, 6 amps at 125 volts d.c.—readily ex- 
ceeded the requirements of 75,000 
cycles, or 150,000 individual operations. 


In production, the new Anaconda alloy 
also performed satisfactorily. It was 
necessary to make only one minor die- 


ANACONDA 


forming change. McGill received a desir- 
able saving in material costs — product 
quality remained high—and the material 
was available as needed to maintain pro- 
duction. 


FREE TECHNICAL service: This is 
another example of the Anaconda tec hni- 
cal service available to metal users. 
Sometimes a new alloy is required—other 
times a variation of a standard alloy will 
do the job. The Technical Department of 
The American Brass Company, through 
its day-to-day work with a wide variety 
of metal problems, offers a tremendous 
breadth of experience, which is at your 
disposal. See your American Brass Com 
pany representative or write The Ameri- 
can Brass Company, Waterbury 20, 
Conn. In Canada: Anaconda American 
Brass Ltd., New Toronto, Ontario ane 
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Personal Mention. 


James |. Hoffman 


James I. Horyman @ has been 
selected to head the metallurgy divi- 
sion of the National Bureau of Stand- 
ards, succeeding Joun G, THompson 
©, who recently retired. Dr. Hoff- 
man, who has been serving as assist- 
ant chief of the chemistry division 
and chief of the surface chemistry 
section, will direct the Bureau's 
metallurgical research and develop- 
ment program. 

Dr. Hoffman graduated from 
Franklin and Marshall College in 
1918, After a year in the Chemical 
Warfare Service for the Army, he 
joined the Bureau in 1919 as a 
chemist. While at the Bureau, Dr. 
Hoffman continued his academic 
studies, receiving his Master's degree 
from George Washington Univer- 
sity in 1921 and his Ph.D. from the 
American University in 1930. 

Dr. Hoffman has made many 
significant contributions to chemical 
science during his years at the Bu- 
reau, He developed one of the first 
methods for purifying uranium oxide 
by an ether extraction process and 
determined the atomic weights of 
aluminum gallium, During 
World War I, when bauxite sup- 
plies were scarce, he constructed 
a pilot plant for the production of 
alumina from clay. In 1946, Dr. 
Hoffman was awarded the Hille- 
brand Prize for these achievements, 
and more recently the Department 
of Commerce presented him the 
Gold Medal for Exceptional Service. 
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Paul Schwarzkopf 


A 70th birthday does not mark the 
retirement of Scuwarzkorr @ 
from his chosen field of powder 
metallurgy. As he said after his 
second cognac: “I prefer to brag 
about my youth rather than my age!” 
His youth was indeed notable, al- 
though at the time it doubtless 
seemed filled with difficulties. Some 
of these are delightfully related in 
his little book “Stories From Molyb- 
denmark” — which is a_ collector's 
item, by the way. 

Like so many in powder metal- 
lurgy, he started in the incandescent 
bulb industry, and devised some fun- 
damental improvements in the man- 
ufacture of tungsten powder and 
nonsagging tungsten filaments. He 


Paul Schwarzkopf 


early became interested in the possi- 
bilities of molybdenum. By 1921 he 
had founded the Metallwerk Plansee 
at Reutte, Tyrol, Austria, and since 
has built it to a commanding posi- 
tion in the manufacture of hard ¢ar- 
bide tools, porous bearings, metal 
filters, and metallic parts for X-ray 
and electronic devices. This was ex- 
propriated by the Brownshirts im- 
mediately after Hitler's Austrian 
Anschluss, and Dr. Schwarzkopf 
barely got away to America in time. 
Here he founded American Electro 


Metal Corp. in Yonkers, N. Y. Since 
the war he has recovered his Aus- 
trian property, and many foreign 
metallurgists have visited there dur- 
ing the powder metallurgy seminar 
in Reutte in 1952 and again in 1955. 


J. L. McCloud 


After nearly 43 years with the 
Ford Motor Co., Dearborn, Mich., 
J. L. McCioup @ has retired from 
his position as staff consultant in the 
manufacturing engineering office. 

Mr. McCloud joined the Highland 
Park Plant of the company soon 
after his graduation from University 
of Michigan in 1913. In 1917, he 
went to the Ford tractor plant and 
there set up the metallurgical and 
chemical laboratory. Later Mr. Mc- 
Cloud moved to Dearborn where 
he organized a research laboratory 
in conjunction with the engineering 
department. 

During the Ford Motor Co.’s man- 
ufacture of airplanes, Mr. McCloud 
served as metallurgist and chemist, 
and continued as a consulting metal- 
lurgist and chemist for the engineer- 
ing department. At that time he 
developed zinc chromate primers 
for aluminum alloys, now the almost 
universal primer for airplanes and 
other structures. In 1927, Mr. Me- 
Cloud took over the examination of 
paints, paint manufacture and 
application for all activities of the 
Ford Motor Co., and served as finish- 
ing (painting) director for many 
vears. His contributions in this field 
include the use of infrared lamps for 
local baking of enamels, and the 
application of baking enamels to 
automobile and truck bodies. In 
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Welsbech High Pressure 
Service Gas Valve with 
Revere Arsenical 


REVERE 


Deep-Drilling Brass Rod 


Increases Tool Life over 
200% for Welsbach 


eal Why not try it yourself? 


In the manufacture of valves the Kitson Division of The Welsbach 
Corporation, Philadelphia, Pa., has to deep-drill brass rod. Originally 
the rod was free-machining brass. However, when Revere discovered 
the extent of the drilling it was suggested that our Mixture 252, 
Deep-Drilling Brass, would be preferable. This was tried, and the 
machine shop foreman reported that tool life was increased over 
200%. In one item it is possible to bore with a single operation, 
against the former practice of withdrawing the drill three times in 
order to clear the chips. Revere’s Deep-Drilling brass produces 
very small, easily cleared chips. 


Another item is a high pressure gas valve, with a cast body and 
brass rod stem. The rod was changed to arsenical bronze, which 
costs a bit more, but it ended flaking and galling between stem and 
seat, and materially reduced rejects. Still another instance of Revere 
service concerns a hot water heater relief valve. The original model 
was cut out of bar stock. We suggested a high leaded brass tube, 
hexagon outside, round inside. This greatly reduces machining, has 
a better surface, and a better seat. Costs more by the pound, but 
saves more by the piece. 


Revere salesmen and Technical Advisors are always glad to 
collaborate in seeking ways to save money and improve products. 
Perhaps we can help you! 


REVERE 


COPPER AND BRASS INCORPORATED 
Founded by Paul Revere in 1801 
230 Park Avenue, New York 17, N. Y. 
Mills; Baltimore, Md.; Brooklyn, N. Y.; Chicago, Clinton and Joliet, Ll; 
Detroit, Mich.; Los Angeles and Riverside, Calif; New Bedford, Mass; 


Newport, Ark; Rome, N. Y. Sales Offices in Principal Cities, Distribu- 
tors Everywhere 


= 
Pressure Relief Vaive 


Welsbach Emergency Geos Pressure Relief Valve 


Shut-Off Valve, avtomotic. for water heoters. 
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AGF Heat Treating 
Installation Cuts Costs 


TEMPERING QUENCHING "> RECIPROCATING ROTARY 
Solid line shows an inline installation, 
+5! dotted line shows a reversing loop 
“YOUR APPROACH TO 
AUTOMATION” 


A complete AGF Automatic Continuous Heat Treating Installation 
consists of an Automatic Rotary Feeder, a controlled Atmosphere 
Reciprocating Furnace (illustrated above) and an Automatic Quench- 
ing Tank followed by a washing machine and Tempering Furnace. 


The output ranges from 100 to 800 Ibs. of controlled atmosphere heat 
treating, quenching, washing and tempering per hour. A wide range 
of sizes cuts costs; the unit is suitable for a small plant or can be 
fitted into a production line in a large plant. 


The installation can be made either in line or in a reversing loop as 
illustrated. The reversing loop discharges the work next to the 
charging end of the furnace and uses a minimum of floor space. 


Each part is individually heat treated and quenched as it passes 


through the reciprocating furnace and quench tank, The disadvantages 
of batch processing are eliminated. 


Flexibility permits handling small as well as large production lots on 
a continuous basis, Large production lots can be interrupted easily to 
run small batches of urgently needed work. 


Ask AGF Engineers and Metallurgists to recommend the 


proper AUTOMATIC HEAT TREATING Equipment for 
your high production and low maintenance. * * 
AGP factory trained representatives in principal indus- X #4 
trial areas, 


PLEASE MAIL COUPON 


AMERICAN GAS FURNACE CO. 


1002 LAFAYETTE ST., ELIZABETH 4, N.J. 


Please send us your latest literature Mlustrating and describing AGF 
Rotary and Reciprocating Furnaces. Our application will be 


Name ..... Title 


“PIONEER makers Company . 
of heat treating 


and industrial as Street .... City 
equipment since 
1878", Hourly Production _ Ibs. Product... 


Personals . . . 


addition to these activities, Mr. Mc- 
Cloud has directed work on the 
specification of materials and proc- 
esses and served as lubrication and 
fuel consultant to the engineering 
department. 

He is a past chairman and secre- 
tary of the Detroit Chapter @, a 
director and president of the Engi- 
neering Society of Detroit, a vice- 
president for materials engineering 
of the Society of Automotive Engi- 
neers, and has been active in a 
number of other professional and 
civic organizations. 


Robert C. Singleton @ was re- 
cently appointed vice-president in 
charge of engineering of the Nelson 
Stud Welding Div., Gregory Indus- 
tries, Inc., Toledo, Ohio. Mr. Single- 
ton, who joined the company in 
1944, was formerly manager of in- 
dustrial sales. 


Paul G. Tomalin @ has been 
named general manager of the Mac- 
Gregor-Comarain Div., National-U.S. 
Radiator Corp., Johnstown, Pa. For 
14 years Mr. Tomalin was chief of. 
the technical section, design division 
of the U. S. Coast Guard. He re- 
signed in 1954 and until joining the 
MacGregor-Comarain Div. was man- 
ager of sales and engineering in the 
Washington, D. C., office of the 


Maxim Silencer Co. 


Sidney L. Simon @ is now man- 
ager, applied research department, 
advanced development division of 
Arco Manufacturing Corp., Strat- 
ford, Conn. 


Harold F. Bishop @ was awarded 
the Joseph S. Seaman Gold Medal 
of the American Foundrymen’s So- 
ciety for “outstanding contributions 
to castings research at the Naval 
Research Laboratories” at the annual 
AFS Castings Congress and Show. 
Mr. Bishop is head of the melting 
and casting section of the Naval Re- 
search Laboratory, Anacostia Sta- 
tion, Washington, D. C. At the same 
Congress, James S$. Vanick @ re- 
ceived the William H. McFadden 
Gold Medal for “valuable service to 
the ferrous castings industry over 
many years”. Since 1922, Mr. Vanick 
has been connected with the Inter- 
national Nickel Co. as _ research 


metallurgist. 
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DURAFLEX 


DISTRIBUTOR 


DISSTON DIVISION 
K. PORTER COMPANY, INC. 
<a 7102 Tacony, Philadelphia, 35, Pa. 
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WRITE FOR 
LATEST CATALOG 
AND 
HACK SAW 
SELECTOR 
TODAY. 


For easy, economical 
HIGH SPEED STEEL | 
machine shop cutting 
use one of these 8 sturdy 
 DISSTON HACK SAW BLADES 
They cut easily... resist 
weat ahd breakage. Get 
Re, 
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WOVEN WIRE CONVEYOR BELTS 
take the “hot spots” out of 


ANNEALING & BRAZING 


FREE CIRCULATION of heat and gases through 
the all-metal belt and around the work permits 
continuous, uniform heating and cooling as work 
moves through your plant. 


By combining controlled movement with free circulation of 
process atmospheres, Cambridge Woven Wire Conveyor Belts 
eliminate batch annealing and brazing. There is no formation of 
“hot spots’’ which produce local stresses. Continuous, belt-to-belt 
flow through subsequent quenching and washing operations as 
well as heating, cuts costs and provides fast, uniform production. 


Not only does the open mesh construction provide free circulation 
of gases .. . it also permits rapid drainage of process solutions. 
The all-metal belt is corrosion resistant and impervious to 
damage at temperatures up to 2100°F. Cambridge belts have no 
seams, lacers or fasteners to wear more rapidly than the body of 
the belt . . . no localized weakening. 


Cambridge Woven Wire Belts for heat treating are made in any 
size, mesh or weave, and from any metal or alloy. Special retain- 
ing edges or cross-mounted flights are available to hold your 
product during inclined movement. 


Call in your CAMBRIDGE FIELD ENGINEER to discuss how you can eliminate 
betch handling from your heat treating. Look under "BELTING, MECHANICAL” 
in your classified phone book. OR, write for your copy of Special Report, 
"6 Ways to Increase Heat Treating Production” and 130-PAGE REFERENCE 
MANUAL giving mesh specifications, design information and metaliurgical data. 


The Cambridge Wire Cloth Co. 


SPECIAL Depe 
METAL Cambridge 7, 
+ FABRICATIONS Maryland 


OFFICES IN PRINCIPAL INDUSTRIAL CITIES 


Personals .. . 


Edward J. Kizak @, formerly 
chief, quality control, Winston-Salem 
Air Procurement Office, Atlanta Air 
Procurement District, has assumed 
new duties with the Procurement 
Div., Headquarters Air Matériel 
Command, quality control, as proj- 
ect officer for tactical, strategic and 
intercontinental and _ intermediate 
range ballistic missile. 


Harold N. Ewertz @, after 34 
years in the welding industry, has 
started his own business as manu- 
facturer’s representative for the Ray- 
theon Mfg. Co., Waltham, Mass. 


Andrew D. Lauver @, formerly 
employed by Kaiser Steel Corp., 
Fontana, Calif., is now a process 
engineer at Hughes Aircraft Co., 
Tucson, Ariz. 


Leonard M. Taussig @ is now 
technical director of Taussig Asso- 
ciates, Chicago. Mr. Taussig was 
formerly chief metallurgist for the 
Magnaflux Corp., Chicago. 


C. Richard Hocker @ is now 
New England district manager, high 
voltage switch gear, for the Federal 
Pacific Electric Co., 


Arlen S. Kjelby @ has left the 
National Cash Register Co., Dayton, 
Ohio, to join the staff of Metcut 
Research Associates, Cincinnati, 
Ohio, as a staff engineer. 


Gedale D. Davis @ has been 
transferred from the Halethorpe, 
Md., extrusion plant of Kaiser Alu- 
minum and Chemical Corp. to the 
Kaiser sheet and plate mill in Spo- 
kane, Washington. Mr. Davis joined 
Kaiser in 1955 after his release from 
active duty with the U. S. Navy. 


Harry J. Weil @, after release 
from two years of active duty in 
the armed services, recently accepted 
employment as a test project engi- 
neer in the engineering department 
of Alco Products, Inc., Schenectady, 
N.Y. While serving in the U.S. Army, 
Mr. Weil was stationed at Aberdeen 
Proving Grounds, Md., as a metal- 
lurgist in the engineering labora- 
tories of the development and proof 
services. 


Harold C, Schanck, Jr., @ is now 
chief engineer at Stainless Welded 
Products, Inc., Jersey City, N. J. 
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The pocket-size “personal” microcsope shown at the left was one of the first metals 
research and quality control instruments in daily use at Scovill more than half a century ago. 


By contrast, the instruments used today are not only infinitely more precise, but are also able 
to complete the most searching examination of alloy samples in a fraction of former time. 


Continual tightening of Scovill standards has been matched by equally constant improvement 
in precision testing methods employed to maintain them. This is one of the reasons 

why Scovill Brass and Aluminum Mill Products are known far and wide for exceptional uniformity 
and close adherence to customers’ specifications . . . lot after lot . . . order after order. 


Scovill Manufacturing Company, Mill Products Division, 99 Mill Street, 
Waterbury 20, Connecticut. Phone Plaza 4-1171. 


MILL PRODUCTS 


BRASS * BRONZE + NICKEL SILVER + ALUMINUM 
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now in easy handiing 
SO-POUND BAGS 


Since 1939, when the introduction of Malleabrasive revolutionized 
blast-cleaning, there has been only one MALLEABRASIVE! 
MALLEABRASIVE was developed through exhaustive research. 
Its leadership has been maintained through continuing research 
and improvement. 

@ Today there is still only one genuine MALLEABRASIVE, 

@ MALLEABRASIVE has no exact counterpart—there is no other 

product exactly like it. 


@ MALLEABRASIVE is patented because of its own distinctive 
metallurgical characteristics. 


@® MALLEABRASIVE is produced only by manufacture under the 
full and complete MALLEABRASIVE process—used by Globe 
exclusively. 


The qualities that make Malleabrasive distinctively different have 
made it the most widely used premium abrasive in the world today. 
In hundreds of plants it has made important reductions in blast- 
cleaning costs. Undoubtedly it can do the same in yours. At least, 
why not investigate its possibilities? Write us. 


THE GLOGE STEEL ABRASIVE COMPANY 
MANSFIELD, OHIO 
Subsidiary of Pittsburgh Crushed Steel Co., Pittsburgh, Pa. 
Also sold and recommended by Pangborn Corp., Hagerstown, Md. 


Personals . . . 


A. L. Boegehold, @ past presi- 
dent, was recently named manager 
of research staff activities of General 
Motors Corp., Detroit. An employee 
of General Motors since 1920, Mr. 
Boegehold last held the position of 
assistant to the general manager of 
the research laboratories. 


William D. McMillan @ has been 
awarded honorary life membership 
in the American Foundrymen’s So- 
ciety for “outstanding contributions 
to the Society and the ferrous cast- 
ings industry”. Mr. McMillan has 
served in chemical and metallurgical 
capacities for International Harvester 
Co. since 1923 and now holds the 
position of supervisor of metallurgy 
for the farm implement division at 
the McCormick Works, Chicago. 


Robert H. Colmer @ has been 
transferred to the St. Bernard fac- 
tory, Cincinnati, Ohio, of the Procter 
& Gamble Co., as plant engineer. 
Mr. Colmer was master mechanic at 
the Pantex Ordnance Plant, Ama- 
rillo, Tex., operated by the Procter 
& Gamble Defense Corp., until he 
was transferred. 


S. W. Kessler, Jr., @, recently 
discharged from the U. S. Army, has 
returned to his position of research 
metallurgist for the Lancaster, Pa., 
division of the Radio Corp. of Amer- 
ica. While in the service, Mr. Kessler 
did metallurgical research at the 
ballistics research laboratory, Aber- 
deen Proving Grounds, Md. 


Norman H. Deunk, Jr. @ is now in 
charge of the heat treating and 
metallurgical department at Staples 
Tool Co,, Cincinnati, Ohio. Prior to 
this appointment, Mr. Deunk spent 
seven years in the metallurgical de- 
partment of the National Twist Drill 
& Tool Co., Rochester, Mich. 


Harry W. Dietert @ has been 
elected vice-president of the Ameri- 
can Foundrymen’s Society. Mr. Die- 
tert is chairman of the board of his 
own company, the Harry W. Die- 
tert Co., Detroit, which he founded 
in 1925. 


S. A. Rothman @, formerly in 
charge of the Detroit district office 
of the Interior Steel Equipment Co., 
Cleveland, is now assistant to the 
president in the home office. 


METAL PROGRESS 


of 
, 
| 
; 
MALL EABRASIVEL. 
120 


Pat's NEW AT BRISTOL... 


Three Ways Better Temperature Control 


BRISTOL ELECTRONIC DYNAMASTER” POTENTIOMETERS 


CONTINUOUS STANDARDIZATION WITH NO DRY ELECTRIC AND PNEUMATIC CONTROLLERS. Both strip- 
CELLS: Bristol Dynamaster Potentiometers with and round-chart instruments are made in a very 
No-Batt Continuous Standardization which elim- wide variety of controllers that meet every furnace 
inates need for dry cells. Results: no interruption and oven control requirement, including the fol- 
in operation for standardization, no batteries to lowing in a great many forms: 


replace. Electric Control — on-off, average position, propor- 


A MODEL FOR EVERY REQUIREMENT: Dynamaster tional input, 3-position, proportioning, proportional 
Potentiometers are available as single-pen, two-pen, with automatic reset, and time-program. 


and multiple-record (up to 24 points) strip-chart Pneumatic Control — on-off, proportional, and pro- 
instruments and as round-chart instruments. portional with reset. 


FREE-VANE” ELECTRONIC PYROMETER CONTROLLERS 


© Very minute changes in temperature at the control point (less than 0.003” 
on scale) closes or opens the Thyratron-operated relay with positive trigger 
action. 

New high-torque, rugged millivoltmeter measuring mechanism gives 
greater accuracy — Alnico V magnet — and a sensitivity of 15 ohms per 
millivolt. 

Separate control units are plug-in. 

Wide variety of models — available in thermocouple and radiation pyrom- 
eter controllers in ranges up to 4000°F for L, H, LH, LOH, and LNH 
control and for L and H with proportional input control. 


FOR MORE FACTS about these three rugged Bristol Furnace and 
Oven Controls write for free Bulletin Pi260 today. It's a 48-page 
booklet of useful data, specifications, control diagrams and prices 
for every type of automatic heating control. The Bristol Company, 
106 Bristol Road, Waterbury, Conn. 


BRISTOL'S 


POINTS THE WAY IN 
HUMAN-ENGINEERED INSTRUMENTATION 


AUTOMATIC CONTROLLING, RECORDING AND TELEMETERING INSTRUMENTS 
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Personals . . . 


impor- 
. Often 
t is the only way to produce large tonnage or unusu- 


James A. Corson @, having com- 
pleted his tour of duty with the 
U.S. Army, has resumed his position 
as senior negotiation engineer with 
the aviation gas turbine division of 
the Westinghouse Electric Corp., 
Kansas City, Mo. While in the Army, 
Mr. Corson was stationed at Aber- 
deen Proving Ground, Md., con- 
ducting research on personnel ejec- 
tion systems for high-speed aircraft. 


ars of exper 
d centrifugal 


Iding techn 


for such castings. Carbon steel welding techniques 
won't serve. It takes special know-how for chrome- 


6'7” wide and weighs 
tined for an oil refinery cracking sti 


. 


ike a single casting. Actually 


ions welded together in z 
it’s a Duraloy HH casting des- 


is 21'6” long 


8900 pounds. It looks | 


A. Jack Moore @ has recently 
rejoined Canadian Bronze Co., Ltd., 
Montreal, Quebec, as executive vice- 
president. Mr. Moore was formerly 
regional manager, eastern Canada, 
of Vanadium-Alloys Steel Co. of 
Canada, Ltd. 


ducing both high alloy static an 


d chrome-nickel. 
You can rest assured that if the chrome-iron or 


chrome-nickel castings you order from us require any 


de up of three sect 
welding, it will be done skillfully. 


strips across the face. 
Welding is assuming greater and greater 


tance in the production of high alloy castings 


castings, we have developed sound we 
CHICAGO OFFICE. 332 South Michigan ieee 


ally shaped pieces. During our many ye 


This tube support 
is ma 

ence in pro 

iron an 


Frederick P. Brodell @ has left 
the U.S. Bureau of Ships to become 
a metallurgist at Consolidated Vul- 
tee Aircraft Corp., San Diego, Calif. 


James A. Burbank If @, formerly 
with National Extrusions, Inc., Ar- 
lington, Va., has joined the sheet 
and plate finishing department of 
the Ravenswood, W.Va., works of 
Kaiser Aluminum and Chemical 
Corp. 


in con 
with high 
alloy casting 


Earl R. Asch @, formerly assistant 
manager of the production engineer- 
ing division at Solar Aircraft Co., 
San Diego, has been promoted to 
manager of the division. Mr. Asch 
came to Solar from the aircraft engi- 
neering division of Ford Motor Co. 


J. P. Clark, Jr., @ is now working 
for General Electric Co., Louisville, 
Ky., as a laboratory technician. 


A. R. Schmitt @ has been trans- 
ferred from the Pittsburgh district 
of the U.S. Steel Supply Div., U.S. 
Steel Corp., to the Houston district 
and is now located at the Dallas 
warehouse. 


Robert T. C. Rasmussen @ re- 
cently joined the staff of the techni- 
cal division of Vanadium Corp. of 
America at the Cambridge, Ohio, 
research center, Mr. Rasmussen was 
a consulting metallurgist prior to 
this position, 


Stuart Solomon @, following his 
separation from the U.S. Army, has 
accepted a position as development 
metallurgist with U.S. Steel’s Du- 
quesne, Pa., works. 
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TITANIUM STRIP is descaled continuously 
on time cycles as low as 30 seconds, 
with excellent results 


Use this fast, safe Hooker Process ) 
for descaling steel and titamivm samersion ioowns sea 


on 5 tons of stainless wire. A water 
Descale alloy steels and titanium in any form-—rapidly, safely—using the quench, 53-minute acid dip, and final 
Hooker Process with Virgo® Descaling Salt. 


A bath of molten Virgo Descaling Salt quickly converts scale, rust, and 


water rinse produce a clean, bright 
surface with no pitting or etching 


other surface impurities to an acid-soluble coating. A quench, acid dip, 
and final spraying then remove this coating in from one-tenth to one- 
hundredth the usual pickling time, with no measurable effect on the 
base metal. 


You can easily set up the Hooker Process for batch or continuous opera- 
| 


tion on any form of work including strip, sheets, bars, wire, tubes, plate, 
castings, forgings, and fabricated parts. You can usually process work as 
fast as your handling methods allow, with a minimum of supervision 
Operation is safe for personnel, and there is little or no spent-acid dis- 
posal problem. 
You can profit by the expernence of more than 50 companies now 
using the Hooker Process successfully to speed up descaling of alloy steels 
and titanium in practically every form. 
You'll get quick service on any descaling problem, by writing or pho- 
ning us. Complete test and engineering facilities are at your disposal, LIGHT-GAUGE ALLOY STRIP is descaled 
at 20-35 ft. per min. in this Virgo 


Je a we 


Send for these builletins-Get the whole story on Virgo 
Descaling Salt for alloy steels and titanium how the 
Hooker Process works, its advantages, how to set up a 
Virgo descaling line, and the services you enjoy as a 
user. No obligation. Write us today 


From the Salt of the Earth 
HOOKER ELECTROCHEMICAL COMPANY 


405 Forty-seventh St., Niagara Falls, N. Y. 
NIAGARA FALLS * TACOMA * MONTAGUE, MICH. * NEW YORK * CHICAGO «+ LOS ANGELES 
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NEW oow-cost way ro 


THE W.W. 


SHELL= MOLDED CASTINGS 


NEW SLY-JET BLAST 


Eliminates need for air compressor .. .« 
Eliminates maintenance costs of airless wheels 


Now, clean shell-molded castings faster, at lower cost. With 
new, low-velocity Sly-Jet Blast, cleaning action is thorough 
yet “gentle’’— therefore, no pitting, no removal of parent 
metal, no warping or distortion as with other cleaning 
methods. Efficient—abrasive is accurately directed over a 
large work area through a stationary nozzle, which can be 
set at any angle from horizontal to vertical. Economical 
caeottinnediantts unit is powered by electric motor; there 
is no compressor, no need for high horsepower. Long, 
trouble-free operation—there are no moving parts in the 
blast zone; abrasive is introduced directly into the nozzle. 
Versatile—nozzle opening can be in any shape from 
circular to rectangular and any size. Abrasive can be any 
grade of sand, most grades of grit. Non-stop operation— 
cleaning mechanisms can run continuously for effective 
integration in continuous-flow handling systems. 


Take the problem and expense out of cleaning shell-molded 
castings. Write today for the facts on new Sly-Jet Blast. 


MANUFACTURING CO. 


OFFICES 


IN PRINCIPAL CITIES 


4788 TRAIN AVENUE * CLEVELAND 1, OHIO 


Personals . . . 


Carl A. Liedholm @, a 25-year 
ASMember, has resigned from his 
position with Westinghouse Com- 
mercial Power Activity to become 
project engineer in the nuclear de- 
partment, research division of Cur- 
tiss-Wright Corp. (During World 
War II he was chief engineering 
metallurgist for Curtiss-Wright’s pro- 
peller division.) He will be stationed 
in Clifton, N. J., until the new facili- 
ties at Karthaus, Pa., are ready. 


R. P. Donnell @ has been pro- 
moted to the position of district 
manager of the New York steel and 
tube division, Timken Roller Bear- 
ing Co., Canton, Ohio. Joining Tim- 
ken in 1939 as a metallurgical en- 
gineer, Mr. Donnell was district 
manager of the Cleveland district 
from 1943 until his promotion. 


Albert J. Fischer @, formerly di- 
rector of research and development 
for Adamas Carbide Corp., Kenil- 
worth, N. J., has been named works 
manager of the company. Mr. 
Fischer has been with Adamas Car- 
bide since 1948. 


Harold Smallen @ has accepted 
a position as research engineer with 
Northrop Aircraft, Inc., Hawthorne, 
Calif. Mr. Smallen was previously 
associated with the U. S. Naval Ord- 
nance Test Station located at China 
Lake, Calif., where he was head of 
the methods development branch. 


Clarence P. Sander @, general 
superintendent, Vernon Plant, Con- ' 
solidated Western Steel Div., U. S. 
Steel Corp., Los Angeles, has been 
elected first vice-president of the 
American Welding Society at the 
Society's annual meeting in Buffalo. 
Mr. Sander has been with the com- 
pany since 1934. 


James M. Copeland @ has been 
appointed senior project metallurgist 
for International Business Machines 
Corp., Endicott, N. Y. Joining the 
corporation in 1951 as a technical 
engineer in the metallurgical labora- 
tory, Mr. Copeland was named asso- 
ciate metallurgist in 1952 and a year 
later became project metallurgist, 
holding this position until his recent 
appointment. 


Warren L. Larson @ is now a 
metallurgist with Nuclear Metals, 


Inc., Cambridge, Mass. 
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CHASE® 
NICKEL LEADED 
COMMERCIAL 
BRONZE 


For making 


STRONGER PRODUCTS 


that have to be machined! 


This is the high-strength leaded commercial 
bronze you have been looking for! It has 27 per- 
cent higher tensile strength, 20 percent higher 
yield strength than Leaded Commercial Bronze, 
yet has a machinability rating that is 80% of that 
of Free-Cutting Brass. 


Chase Nickel Leaded Commercial Bronze is a 
moderately priced alloy for making longer-lasting 
pole line hardware, electrical fasteners, nuts, bolts, 
and other bronze products that require added 

® strength. Order Chase Nickel Leaded Commercial 


Bronze today. It’s available in rod form—round 
BRASS & COPPER CO. sizes from %" to 1” diameter, hexagonal sizes 


WATERBURY 20, CONNECTICUT + SUBSIDIARY OF KENNECOTT COPPER CORPORATION from %” to %”". 


“IN THE CHIPS’’—a Chase movie showing Brass Rod and 
Wire of work. Every machine shop can benefit by showing 
it. Loaned free on request. 

The Nation's Headquarters for Brass, Copper and Stainless Steel 

«+ + + + few + + + + Providence + Rochester + Si + + ‘Seattle + 
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CRUCIBLE FURNACE 


Used for melting smoll quan- 
tities of metals. Maximum tem- 
perature 1950° F. Five stondard 
sizes. Other types available 
for 2300° F. operation. 


MULTIPLE UNIT 
LABORATORY 


FURNACES” 


AND HOT PLATES 


AIR DRAW FURNACE 


Temperotures to 1250° F. 
A high speed fan circulates the air 
assuring uniform heating. 48 Steps 
of Temperature control — Indicating 


ORGANIC 
COMBUSTION 
FURNACE 


Three separately 
controlled tube 
furnaces mounted 
on slide rails, for 
use individually or 
@s one assembly. 
Hinged construction for 
easy operation. Other 
sizes ond types of tube fur- 
naces available for tempera- 
tures to 2600° F. 


MUFFLE FURNACE 


Temperature to 1850° F 
Features include . . . low heat loss 
. «+ rapid heating . . . better con- 
trol with a 36 step tap-changing 
transformer . . . indicating pyro- 

meter. Four standord sizes. 


HOT PLATES 


7 Standard sizes, each with 3 heat 
control. Temperatures to 750° F. 


MULTIPLE UNIT 


FURNACE 
With Controlling HIGH TEMPERATURE 
Pyrometer FURNACE 
de 
Temperature to 2600° F. 


Heating elements are silicon carbide 
rods which are easily replaced. tn- 
side dimension 4” W. x7” 1.x 3” H. 
48 step Temperature control with in- 
dicating pyrometer 


peratures to 1850° F. 
Available with automatic 
temperature control. 


HEVI DUTY ELECTRIC COMPANY 


Personals . . . 


S. M. Norwood @ will head the 


named manager of the marketing 
research division. Mr. Franks joined 
the parent company in 1921 and was 
appointed chief metallurgist of the 
research laboratories in 1943. In 
1946 he was transferred to Electro- 
met as chief metallurgist of the tech- 
nical service and development group 
and in 1950 he was made manager 
of development. G. A. Sands @ and 
R. L. Pope @ have been appointed 
assistant managers in the marketing 
research division. Mr. Sands has 
been with Electromet since 1937. 
He became assistant manager of 
development in 1950 and three 
years later was appointed manager, 
secondary markets of the technical 
service and development depart- 
ment. Mr. Pope joined the company 
in 1952 as a metallurgical engineer 
in the technical service and develop- 
ment department located in the 
Chicago office. Two years later he 
was transferred to the New York 


office. 


H. P. Rassbach @ has been named 
manager of the new metallurgical 
service division of the Electro Metal- 
lurgical Co., a division of Union 
Carbide and Carbon Corp., New 
York. The new division will have 
its headquarters in Cleveland. Mr. 
Rassbach joined Electromet in 1950, 
after 25 years with the Midvale Co., 
Philadelphia. R. A. Clark @, who 
has been with the company since 
1945, was appointed manager, 
foundry service, in the division. R. J. 
Portmann @, an employee of Elec- 
tromet since 1937, has been named 
manager, openhearth service, and 
H. C. Aufderhaar @, who also joined 
the Electromet organization in 1937, 
is now assistant to the manager. 


Paul Diljak @ is presently a metal- 
lurgical engineer working in the 
metallurgy pilot plant at the tung- 
sten and chemical division of 
Sylvania Electric Products, Inc., 
Towanda, Pa. 
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new marketing research division in ‘ 
the sales department of the Electro : 
Metallurgical Co., a division of 7, 
Union Carbide and Carbon Corp., J 
New York. Mr. Norwood, a vice- 
president of the company, has an- ° 
nounced several appointments to the uM 
division. Russell Franks @ has been 
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Colloidal Graphite 
saves *25,000 a year 
on jet-blade forging 


In the close-limit forging of a jet-turbine 
blade, a prominent manufacturer found 
that by using ‘dag’ Colloidal Graphite 
on the dies, only one blow was 
needed to go from upset billet to final 
blade shape. Besides eliminating the 
second hammer-blow previously required, 
intermediate descaling and reheating 
operations were also avoided ...for a 
total yearly saving of some $25,000 

on this single operation. 


Both oil-based and water-based ‘dag’ 
Colloidal Graphite dispersions are 
widely used in forging operations. Diluted 
and sprayed on the dies, the colloidal 
graphite forms a slick lubricating 
film... protects the expensive dies and 
improves metal flow during forging. 


Pretreatment of new dies with 
‘Aquadag’ — colloidal graphite 
dispersed in water — has paid off 
handsomely, too. Some firms estimate a 
50% greater usable life from forging 
dies given this protective film 
of colloidal graphite before being 
put into service. 


The benefits of ‘dag’ dispersions for 
forging and other metalworking 

applications are discussed in Bulletin 426, 
Ask for your free copy. 


* 


ACHESON 
COLLOIDS 
COMPANY 


PORT HURON, MICHIGAN 
also Acheson Colloids Lid., London, England 


ACHESON COLLOIDAL DISPERSIONS: 


Graphite © Molybdenum Diwifide © Zinc Oxide 
Mica and other solids 


‘dag’ and ‘Aquedeg’ are Wedemerke of Acheson 
Industries, int 


Acheson Colloids Company 
Port Huron, Michigan, Dept. C-7 


Yes, | want your free bulletin describing 
‘dag’ Dispersions for Metalworking. 


= 
‘dag’ dispersions... touch does so much! 
* 
J 
— 
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FABRICATED 


USUALLY... the UNUSUAL is a job for ROLOCK 


The two entirely different welded alloy fabrications 
shown here are typical of hundreds of tough high- 
heat-resistant equipment problems we have solved 
successfully. 

When you bring such problems to Rolock, you 
benefit by the experience of an engineering and pro- 
duction team that has been exceptionally successful 
in this difficult field. 

Your equipment is built by Rolock specialists in 

welded fabrication of hi h-heat- 
resistant alloys. ..men who know 
just how to handle these special 
materials for best results. 

Performance is safeguarded by 
the most careful final inspections, 
including, where desirable, X-ra 
examination, or compliance with 
ASME and other code requirements. 


This Inconel retort, sand seal pan, grid support 
and lifting frame is one of many intricate 
Rolock welded fabrications for high-heat oper- 
ation, It is used for brazing in a hydrogen 
atmosphere, alternately heated to 2200° F., 
lifted out of the furnace and cooled. 

Size: Retort 24” diameter x 46%” long, 


excluding pipe. Supporting frame 46%" diam- 
eter x 57'2" O.A, Weight: 200 Ibs. 


This special combination 

Incoloy heat treating car- 

rier and locating fixture for 

automotive parts is 104” 

aW a4h” GA. 

typical of Rolock's experi- 

enced approach to special- 

feature design. 

Top and middle layers of mesh are 1-3/16" c-¢ .177 or .187 — 
pressure-welded and then clinched around ¥% round rod rings, Bottom 
layer of mesh is 2 mesh .148. Corner construction is Rolock design 
(patent applied for). re 


Write for Rolock's unique Catalog and Data Book, 
most comprehensive book of its kind available. 


SALES AND SERVICE REPRESENTATIVES FROM COAST TO COAST 
ROLOCK INC., 1222) KINGS HIGHWAY, FAIRFIELD, CONN. 


JOB-ENGINEERED for better work 


Easier Operation, Lower Cost. 


Personals . . . 


Paul D. Wright @ was recently 
appointed research engineer in the 
advanced development section of the 
Carboloy Dept., General Electric 
Co., Detroit. Mr. Wright was for- 
merly associated with fuel element 
development engineering at Hanford 
Atomic Products Operation, General 
Electric Co., Richland, Wash. 


J. J. Chyle @, director of welding 
research, A. O, Smith Corp., Mil- 
waukee, Wis., has been elected presi- 
dent of the American Welding So- 
ciety at the Society’s annual meeting 
in Buffalo, N. Y. Joining the A. O. 
Smith Corp. in 1925, Mr. Chyle has 
been director of welding research 
since 1937. 


William T. Carey @, formerly 
with the Ferrotherm Co., Cleveland, 
has recently been appointed metal- 
lurgist in the mechanical engineering 
development group at the Y-12 plant 
of the Union Carbide Nuclear Co., 
Oak Ridge, Tenn. 


Samuel W. Gearhart, Jr., @ has 
been appointed sales and service 
engineer of the Birdsboro Steel 
Foundry and Machine Co., Birds- 
boro, Pa. Mr. Gearhart joined the 
company after nine years as metal- 
lurgist and supervising metallurgical 
engineer for Baldwin-Lima-Hamilton 
Corp., Eddystone division, Eddy- 


stone, Pa. 


H. George De Young @ was re- 
cently named president of Atlas 
Steels Ltd., Welland, Ont. Since 
joining the company in 1951 as 
works manager, Mr. De Young has 
held the positions of vice-president 
of operations and more recently 
executive vice-president. Prior to 
this time he was assistant to the 
president of Treadwell Engineering 
Co., Easton, Pa. 


Albert M. Talbot @ has received 
a vice-presidential post at Austenal 
Laboratories, Inc., New York. Mr. 
Talbot will serve as vice-president 
in charge of the microcast division 
of Austenal and also continue in his 
present position as director of re- 
search. Associated with the company 
since 1953, Mr. Talbot was formerly 
a research metallurgist with the 
International Nickel Co., Bayonne, 
N. J., for 18 years. 
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choose 


cast 


high strength - corrosion and abrasion resistance - fine finish 


When high-hardness—even at elevated temperatures—resistance to corrosion and 
abrasion, and smooth, clean finish are important—Crucible REXALLOY® can't 
be beat. It’s a chromium-tungsten-cobalt base nonferrous alloy. 

What’s more, REXALLOY parts can be produced to close tolerances, in 
almost any shape, by either investment, sand, or the new shell-mold casting 
process. Finishing operations are practically eliminated—costs substantially 
reduced. 

Check on the advantages one of the many types of REXALLOY castings 
has for your product. Your Crucible representative will give you all the facts. 


Crucible Steel Company of America, The Oliver Building, Mellon Square, 
Pittsburgh 22, Pa. 


lc UJ | BLE] first name in special purpose steels 


Crucible Steel Company of America 
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Model 2400A Desk Type Metallograph 


Complete Operation 
from Sitting Position 


Top Optical and Mechanical 
Quality 


Coupled Visual, Photographic 


and Projection Systems 


Turret 


Multiple Photographic Eyepiece 


Slideway 


American Optical 


INSTRUMENT DIVISION 


reese 


+T.M. Reg. by American Optical Co. 


Quadruple Revolving Objective 


e Automatic Motor Driven Carbon 
Arc Lamp 


@ Calibrated Resultant 
Magnifications 


e Visual Lamp... Filter Turret... 
Rectangular Ball Bearing 
Mechanical Stage 


Model 2400P Desk Type Metallograph 
Added Features: 


Polarizing Equipment 
Phase Contrast Equipment 
Oblique Illumination Prism 


Large Rotating Graduated 
Ball Bearing Stage 


DEPT. Gil9 
Please send me complete information 
on AO Metallographs: 


NAME 
ADDRESS 


ZONE STATE 


bs 


Personals . . . 


Tun Aung Kyaw @, a Burmese 
student here on a government 
scholarship, is now studying metal- 
lurgy at the Missouri School of Mines 
and Metallurgy. After graduation, 
Mr. Kyaw will return to Burma to 
work in the steel industry there. 


William E. Beyer @ has accepted 
a position as quality control metal- 
lurgist with the Glen L. Martin Co., 
Baltimore, Md. 


G. A. Lenning @ has been ap- 
pointed to the technical department 
of the metallurgical research divi- 
sion staff, Titanium Metals Corp. of 
America, at Henderson, Nev. Before 
joining Titanum Metals, Mr. Len- 
ning spent five years at Battelle 
Memorial Institute where he worked 
in the titanium metallurgical labo- 
ratory and served as principal metal- 
lurgist on Army Ordnance and Air 
Force investigations concerning hy- 
drogen in titanium. 


Ray McBrian @ has been ap- 
pointed director of research of the 
Denver and Rio Grande Western 
Railroad Co., Denver. 


Thomas J. Chakos @ has joined 
the Chicago sales organization of 
Barber-ColmanCo., Rockford, Ill. Mr. 
Chakos was formerly with Minne- 
apolis-Honeywell Regulator Co. 


Albert Raitzer @ has been added 
to the staff of the products engineer- 
ing department of the Trane Co., 
La Crosse, Wis., as a project engi- 
neer. Mr. Raitzer formerly super- 
vised a metallurgical group on jet 
engine development for Thompson 
Products, Inc., Cleveland. 


Morris W. Jones @ has been 
appointed general sales manager for 
Sargeant and Wilbur, Inc., Paw- 
tucket, R.I. Prior to this position, 
Mr. Jones had been associated with 
Gulf Oil Corp., and C. 1. 
Inc., Providence, R. I. 


Samuel A. Ott @ has been ap- 
pointed works manager of the Clay- 
mont, Del., plant of the Colorado 
Fuel and Iron Corp. Prior to join- 
ing the company, Mr. Ott was 
superintendent of the Midvale Co., 
Philadelphia. Previously he was chief 
metallurgist and assistant to the 
vice-president of the Penn-Ohio Steel 
Corp., Birdsboro, Pa. 


Hayes, 
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MORE THAN 
THE FINEST 
SALTS... 


HOUGHTON SELLS HEAT TREATING RESULTS 


When you start to use Houghton salts, our 
real job begins. Backing you up are the 
Houghton research staff and the technicians 
who give you on-the-job ‘'shirt-sleeve”’ serv- 
ice. They have one primary function—to see 
that you get the results you want, no matter 
how difficult or unusual your heat treating 
problem may be. 

The Houghton Man will be glad to work 
with you to get fast, uniform metal treatment, 
batch after batch. He'll recommend the Liq- 


LIQUID SALT BATHS...products of... 
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uid Salt Bath you need for tempering, mar- 
tempering, annealing, quenching, carburiz- 
ing, nitriding, normalizing and hardening of 
metals. And he'll stay on your team till the 
job satisfies you! 

Houghton’s long experience and wide 
knowledge of heat treating are at your serv- 
ice. Ask your Houghton Man or write direct 
to E. F. Houghton & Co., 303 W. Lehigh Ave., 
Philadelphia 33, Pa. 


Ready to give you 
on-the-job service... 
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J FASTER MACHINING 
¥ LONGER TOOL LIFE 
¥ FINER FINISH 


¥ QUALITY CONTROLLED 
—MORE PRODUCTION! 


MORE PROFIT PER UNIT! 


WYCKOFF 


COLD FINISHED STEEL 


Carbon, Alloy and Leaded Steels + Turned 

, and Polished Shafting + Turned and Ground 
* % Shafting + Wide Flats up to 14” 
& All types of furnace treated Steels 


YCKOFF STEEL COMPANY 


GENERAL OFFICES: 
Gateway Center, Pittsburgh 30, Pa. 
Branch Offices in Principal Cities 
Works: Ambridge, Po.—Chicagoe, Iil., Newark, N.J.—Putnam, Conn. 


Personals . . . 


Allan H. Lee @ has become a 
member of the technical sales staff 
of Pennsalt Chemicals of Canada, 
Hamilton, Ont. Until his recent ap- 
pointment Mr. Lee was a technical 
service representative of Canadian 
Industries, Ltd. 


Harold Ray @, formerly a sales 
trainee in the customer service de- 
partment of Sharon Steel Corp., 
Sharon, Pa., has been promoted to 
the position of sales representative 
in the Philadelphia district sales 
office. Mr. Ray has been with the 
company since 1945. 


R. A. Shattuck @ has been named 
manager of Philadelphia sales for the 
Edgcomb Steel Co., Philadelphia. 
Mr. Shattuck has been associated 
with the company for the past 12 
years in the capacity of product 
manager, toolsteel. 


Robert D. Heetfield @, recently 
released from military service, has 
been appointed metallurgist at the 
gaseous diffusion plant of the Union 
Carbide Nuclear Co., Paducah, Ky. 


F. H. Buttner @ has been ap- 
pointed group manager of the mar- 
‘et research, product and process 
development department, Electro 
Metallurgical Co., Niagara Falls, 
N. Y. Before joining Electromet in 
1953, Dr. Buttner was connected 
with the National Academy of Sci- 
ences, Washington, D. C. 


Earl F. Adkins @, recently re- 
leased from active duty in the U, S. 
Army, has begun work as a physical 
metallurgist in the nonferrous divi- 
sion at Battelle Memorial Institute, 
Columbus, Ohio. 


David Charles Miller @ has been 
transferred from Philadelphia to 
Pittsburgh to represent the scientific 
division of the Harshaw Chemical 
Co. in the sale of laboratory chemi- 
cals and apparatus. 


A. W. Grosvenor @, head of the 
department of metallurgical engi- 
neering of Drexel Institute of Tech- 
nology and consulting metallurgical 
engineer, has been named the Dela- 
ware Valley Metals Man of the Year. 
This award is sponsored by the 
Philadelphia Chapter @ in recogni- 
tion of major accomplishments in 
the field of metallurgy. 
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“We get fast, 
easily controlled 
heat... 


thanks to GAS 


—Teiner Engineering Corp. 
Malden, Mass. 


Only Gas-fired equipment can sup- 
ply proper heat processing for the 
important operations of metal melt- 
ing, shell molding and hydrogen 
stress annealing at the Teiner Engi- 
neering Corporation, supplier to 
many of the nation’s foremost elec- 
tronic firms. 

C. R. Hood, at Teiner, explains, 
“Gas is dependable, accurately con- 
trollable, and highly satisfactory 
for our most important opera- 
tions. What’s more . . . Gas is fast, 
clean and easily handled.” 

Speed, cleanliness, and the many 
other advantages of Gas, can be 
yours, too. For information on how 
Gas can help you in your production 
operations, call your Gas Company's 
industrial specialist. He'll be glad 
to discuss with you the economies 
and results you get with Gas and 
modern Gas-fired industrial equip- 
ment. American Gas Association. 


This specio! Gos-fired furnace makes 
easy work of the hydrogen stress 
annealing essential to high fidel- 
ity operation of electronic circuits. 
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Sand Mold 
Penetration Testing 


Digest of “Sand Mold Pene- 
tration Testing’, by D. H. 
Houseman, D. V. Atterton and 
T. P. Hoar, Metallurgia, Vol. 53, 
January 1956, p. 21-25. 


ne methods of testing 

resistance of rammed sand molds 
to penetration by molten metal are 
the indentation hardness tester for 
green sand molds and the scratch 
tester for dry molds, Both lack sen- 
sitivity and the results can be mis- 
leading when sand quality varies 
or when tests are not made imme- 
diately after the mold is rammed. 

A simple room-temperature test 
which measures the pressure re- 
quired to induce mercury to pene- 
trate a sample from the mold face 
has been devised and has over- 
come the shortcomings of other 
penetration testers. The essential 
components of the apparatus are 
indicated in the diagram. 

A cylindrical sand sample is taken 
from the mold, sealed in a glass 
tube and covered with a layer of 
mercury, The bottom of the tube is 
connected to a water pump and 
manometer, and suction is applied. 
When the mercury penetrates the 
sand, a reading is taken on the 
manometer. The pressure is com- 
pared with values for standard 
rammed compacts and indicates the 
degree of ramming of the mold. By 
simple conversion the approximate 
penetrating pressure of any other 
liquid metal can be calculated. An- 
other calculation can be made to 
estimate the height of molten metal 
that the mold will withstand with- 
out penetration. 

Test samples are removed from 
the mold face by inserting a 1-in. 
diameter cork borer to a depth of 
1 in. and giving it a slight twist 
before withdrawing. The mold face 
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Mercury 
Wax Seal 
Sand- 


Glass Tube 


— 
To 
Water 
Pump 
Screw 
Clip 
Safety Bottle 
Scale Mercury 
Manometer 


Apparatus for Measuring the Pene- 
trating Pressure Required to Force 


Mercury Through a Sand Mold 


can be patched to fill the resulting 
hole. Actual depth of sand removed 
is not important since penetration 
must occur through the surface. 
Standard samples of compacted 
sand are prepared in the same way 
from 2-in. diameter, 2-in. high 
A.F.A, standard sand test pieces. 

The sample is placed, mold face 
upward, in the glass tube of the 
apparatus and sealed around the 
edge with paraffin wax. The seal 
should run about % in. down the 
side of the compact. Mercury is put 
on the sample to a depth of 0.5 
cm. An electrical circuit having con- 
tact probes and a lamp can be 
arranged to show when the correct 
depth has been reached. 

Pure mercury cannot be used 
because increasing contamination 
alters its surface tension. It can be 
suitably conditioned by drawing 
repeatedly through a bentonite- 
bonded sand compact until the con- 
tamination level is stabilized. 

A pressure difference across the 
mercury layer is built up by gradu- 


ally evacuating the apparatus. At 
the critical pressure, mercury pene- 
trates quickly and completely into 
the compacted sand. The pressure 


difference is read on the manometer 
when the electric circuit is broken 
The mercury can be recovered by 
opening a screw clip at the end of 
the tube. 

Checks of the technique show 
reproducibility to 0.5 em. The maxi- 
mum head of any molten metal that 
a mold will withstand can be esti- 
mated since it is directly propor- 
tional to the penetration pressure 
for the conditioned mercury. There 
is a conversion factor which is de- 
pendent upon the metal involved 
and the pouring temperature. It 
varies from 3.7 for molten tin to 
8.0 for iron poured at 2910°F. A 
conversion factor of 8.0 is sug- 
gested as conservative for normal 
steel foundry practice where sinter- 
ing of the mold surface is avoided 
by careful pouring procedure. 

Artuur H. ALLEN 


Effect of Temper Rolling 
on Strain Aging 


Digest of “The Effect of 
Temper-Rolling on the Strain 
Ageing of Low-Carbon Steel”, 
by H. P. Tardif and C. S. Ball, 
Journal of the Iron and Steel 
Institute, Vol. 182, January 
1956, p. 9-19. 


1£ SEVERITY of the stretcher-strain 

markings in low-carbon steel 
pressings may be related quanti- 
tatively to the yield-point clonga- 
tion. Normally, the yield point can 
be temporarily eliminated by temper 
rolling, roller leveling or stretching. 
For a given set of aging conditions 
temper rolling is the most efficient 
method of delaying the return of the 
yield-point elongation. This report 
describes a study of the aging process 
in mild steel after prestraining by 
stretching and temper rolling. Aging 
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“MAKE A DATE WITH SAVINGS... 


Arrange for your men to see and hear 


National Carbon’s 
new electrode shop training program 


Here’s a must for operating, supervisory, purchasing and man- 
agement personnel ...any one concerned with the procurement, 
storage, handling or use of electrodes, It’s available free — in your 
own plant or any other mutually convenient location. Thorough 
coverage of the manufacturer's recommendations for proper elec- 
trode usage...illustration and demonstration drive home the 
fundamentals of good electrode practice...help you get top 
value from every electrode dollar. 
* Product quality recognized to be the highest in the 
industry. 
* New end-caps — protect sockets from dust, dirt and end- 
face chipping. 
* New pin package — quicker identification, easier handling 
and storage. 
* Complete technical service — designed to extend the serv- 
ice normally provided by field salesmen. 
Write or call right now for complete details of the new electrode 
training program and arrange to have this important educational 
demonstration put on for your personnel. 


For Electrodes and Electrode Service... rely on National Carbon Company 
The term National” ia a regiatered trade-mark of Union Carbide and Carbon Corporation 
NATIONAL CARBON COMPANY . A Division of Union Carbide and Carbon Corporation 

30 East 42nd Street, New York 17, N.Y. 


Sales Offices; Atianta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, Ban Francisee 
Jn Canada: Union Carbide Canada Limited, Toronto 
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Strain Aging .. . 


was measured by studying the rate 
of return of yield-point elongation. 

The material used for testing was 
deep drawing steel containing 
0.053% C, 0.31% Mn, 0.028% §, 
0.018% P, 0.005% N and a trace of Si. 
To eliminate quench aging all test 
pieces were annealed in a vacuum 


at 1560° F. for 4 hr. and furnace 


cooled. The rate of aging was studied 
after prestraining by either 5% tensile 
elongation or 3% reduction in thick- 
ness by rolling. The samples were 
aged for periods up to 100,000 min. 
at temperatures of 120, 150, 155, 
210 and 240° F. in controlled oil 
baths. 

Hardness tests showed no appar- 
ent difference in the rates of aging 
for temper rolled and stretched test 
pieces. Graphs of the activation 
energies made by plotting the log of 


Multiple car type aging and annealing 
furnace for alumi and stainless steel. 
Photo courtesy Taylor Forge & Pipe W orks. 


increase Production...Lower Production Costs with 


LOFTUS industriai FURNACES 


For years Loftus Industrial Fur- or heat-treating requirements, it 
naces have been providing depend- will pay you to take advantage of 
able, economical service to all the Loftus’ long experience in furnace 
metal industries. Their long life and design and construction. Many of 
efficient performance have been the world’s leading companies have 
proven by time. The fact that they --and to their utmost satisfaction, 
materially contribute to lower cost as proved by the high percentage of 
operation and increased production repeat orders. We would welcome 
is a matter of record. an opportunity to quote on your 
Whatever your melting, heating requirements. 


end bute of LO FTUS 


610 Smithfield Street, Pittsburgh 22, Po. 


SALES OFFICES IN PRINCIPAL CITIES 


56.244 140 S. Dearborn Street, Chicago, lil. 


aging time against the reciprocal of 
the absolute temperature showed a 
straight-line relationship in all in- 
stances whether based on hardness 
increase, yield strength or elongation 
at the yield strength. The activation 
energy values were 18,060 cal. per 
mole for temper rolling and 18,200 
cal, per mole for stretching. 

After stretching it was found that 
elongation returned to 50 to 60% of 
its value in the annealed condition 
in a short time and then there was a 
considerable delay before any addi- 
tional increase took place. After this 
delay, the elongation continued to 
increase. Similar results were ob- 
tained with the temper rolled test 
pieces aged at 210 and 240° F. but 
the delay was of much shorter dura- 
tion and was not so well marked. 

The values of the activation ener- 
gies agree with those of other work- 
ers and are of the same order as the 
values measured for the diffusion of 
carbon or nitrogen in alpha iron. 
The rate of return of the yield-point 
elongation appears to depend on the 
rate of diffusion of carbon or nitro- 
gen. Within the range examined the 
mechanism that causes the yield- 
point elongation to return on aging 
is independent of the method of 
prestrain. The absolute measured 
value of the yield-point elongation 
does depend upon the method of 
prestrain. 

The authors conclude that the 
same basic mechanism of aging oper- 
ates in both temper rolled and 
stretched steel; that is, the increase 
in yield stress and hardness depends 
on the diffusion of carbon or nitro- 
gen atoms to dislocations. The re- 
tardation of the return of the yield 
point elongation by temper rolling 
when compared to prestraining in 
tension appears to be related to the 
propagation of the yield throughout 
the test piece and the resultant strain 
hardening. Deformation by temper 
rolling is an inhomogeneous process 
and produces varying degrees of 
internal stress in the steel. The pres- 
ence of such stresses whether acting 
over microscopic or macroscopic 
dimensions will initiate early yield- 
ing. Hence, yielding in the temper 
rolled sheet will not be sudden, but 
will take place progressively, at in- 
creasing applied stress values. As 
aging proceeds a greater number of 
dislocations become anchored and 
the effect of internal stress dimin- 
ishes in a proportionate manner; 
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Fruehauf builds these 
Volume Van trailers from 
Crucible stainless assemblies 
fabricated by The Budd 
Company 


STAINLESS adds payload capacity—lowers costs 


Cargo capacity and profits go hand-in-hand in the 
transportation field. And stainless steel’s high- 
strength gives this Fruehauf Volume Van trailer 
construction advantages that add up to carrying 
capacity above that of other van type trailers. 

Stainless steel provides extreme rigidity and 
toughness, yet reduces dimensions of side walls, 
roof tension sheets, and front and rear panels. As 
Fruehauf says: 

“Not only is there a gain in cubic capacity as 
well as strength, but an actual saving in weight 
so that the net result of the complete design is a 
transportation unit which will provide the highest 


possible return on the initial investment.” 

And stainless lasts indefinitely. In fact, there’s 
a tradition in the industry that “no stainless steel 
trailer has ever worn out.” For stainless resists 
wear, fights corrosion, takes a lot of punishment 
before it will scratch or dent. Maintenance is 
greatly reduced. 
Should your product use stainless? It may be the 
answer to greater efficiency, lower costs, a more 
attractive product for you, too. Ask your local 
Crucible representative, or write Crucible Steel 
Company of America, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 


C C LE} first name in special purpose steels 


Canadian Distributor — Railway & Power Engineering Corp., Ud. 
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Wilson ‘Rockwell’ 
Hardness Testers 


Is HARDNESS an 
important factor in your business? 


e If your business involves metals, successful operation often 
requires exact knowledge of the proper hardness of the materials 


you make or work with. 


In heat treating departments > 


WILSON “ROCKWELL” testing of 
hardened and tempered steels 
is universal, 


In metallurgical laboratories 

They provide means for 
establishing thousands of hard- 
ness specifications. 


In the tool room 

They are relied upon for 

absolute guidance as to the 

hardness of tools and the metals 
to which they are applied. 


In the production department 
WILSON “ROCKWELL” hardness 
testers are ideal for use in 
production testing. The test, 
complete from work insertion, 
loading procedure, feeding, re- 
moval of work piece —is a mat- 
ter of three to five seconds 
depending on the skill and 
dexterity of the operator. 


q In the inspection 

department 

Inspection of parts to see that 
they actually meet specifica- 
tions is an important use of 
WILSON “ROCKWELL” hardness 
testers. On the inspection line 
they help insure the quality of 
the product, reduce defects, and 
retain the good name and repu- 
tation of the manufacturer. 


@ For complete information on “witson rockweu” Hardness Testers call 
or write today. There is a Wilson model to meet every testing requirement. 


WILSON “ROCKWELL” 


*Trademark registered 


the world's standard of hardness accuracy 
Agco Wilson Mechanical Instrument Division 
7 AMERICAN CHAIN & CABLE 


230-F Park Avenue, New York 17, N. Y. 


Strain Aging .. . 


however, the absolute value of the 
measured yield elongation is less 
than that measured on a stress-free 
test piece in which cataclysmic 
movement of dislocations may take 
place. Experimental results support 
the hypothesis that the influence of 
macroscopic body stresses is minor 
and that oriented microstresses have 
a much greater effect on the retar- 
dation of the return yield point. 
W. A. Morcan 


Iron and Steel for 
Marine Service 


Digest of “Ferrous Materials 
in Marine Engineering”, by S. 
F. Dorey, Transactions of the 
North East Coast Institution of 
Engineers and _ Shipbuilders, 
Vol. 72, November 1955, p. 27. 


MM‘ engineers prefer to use 

time-tested materials for con- 
struction because even a minor struc- 
tural failure might render a ship 
powerless or even cause it to sink. 
Unfortunately the increase in severi- 
ty of operating conditions has made 
it necessary to switch to stronger 
and more corrosion resistant alloys. 
The major problem associated with 
the use of the newer cast irons and 
steels is evaluation of their corrosion, 
erosion and abrasion resistance in 
marine service. 

Cast iron is the ferrous material 
most widely used for propellers. To 
save weight, low-alloy nickel and 
molybdenum irons have been adopt- 
ed in recent years. Propellers for 
ships which navigate in ice are usu- 
ally made of low-alloy steel. Swedish 
engineers now consider a 13% Cr, 
1% Ni, 1% Mo steel the best for pro- 
pellers because of its excellent re- 
sistance to corrosion and cavitation 
erosion. Austenitic stainless steels 
have been used but cost more. 

Plain carbon steels are used for 
thrust, gear, intermediate and pro- 
peller shafts. Most are made from 
0.25% carbon steel forgings normal- 
ized to strengths of about 65,000 psi. 
To save weight, the use of 0.45% car- 
bon steels with strengths up to §5,- 
000 psi. is increasing. Outboard and 
inboard screw shafts on several air- 
craft carriers were made from a 3.7% 
Cr, 2% Ni steel. Because of a corro- 
sion-fatigue failure of one outboard 


METAL PROGRESS 


nee 
* 
At 
we 
4 
\ | 
; 


Lathe Shaft production UP 40% 
with new Firthite TXH Carbide 


Wherever used, new FIRTHITE TXH Carbide is peering its 


competitive superiority ...as at Boyé & Emmes Machine Tool 
Company, Cincinnati, for turning lathe shafts from 3 inch SAE 
4140 un-annealed steel. 
Here's what they found: 
© Overall production went up 40%. 
® Production increase of 125% per grind per tool. 
© Twelve shafts per tool without regrinding. 
TXH ADVANTAGES ® Only .0010 flank wear in 12 cuts. 
® Higher hardness to strength Impressive? You bet! So much so that many tool engineers 
retio have acclaimed TXH as the most nearly “universal” grade of 
© Improved impoct resistence carbide yet developed. That's because TXH is an entirely new 
© Wider ronge of applications concept in carbide metallurgy . . . a combination of materials 
o fees and processes designed specifically to do heavy-duty, high-pro- 
duction cutting operations better than they have ever been 
© Higher edge strength BoP 
4 before. And while a distinctly premium grade, TXH is not 
premium priced! 
You try it. It's available from stock in all standard tips, tools 
and inserts. 


© Greater resistance to abrasion 


Firth Sferlin FIRTH STERLING METALCURGY 


—iInc— 
GENERAL OFFICES: 3113 FORBES ST. PITTSBURGH 30, PA. 


MILLS: MCKEESPORT, TRAFFORD, DETROIT, HOUSTON 
OFFICES AND WAREHOUSES*: BIRMINGHAM CHICAGO* CLEVELAND* DAYTON DETROIT* HARTFORD® 
HOUSTON LOS ANGELES* PITTSBURGH WESTFIELD, WJ. 
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investment 


DESIGN PARTS FOR THE SHAPE YOU WANT —JInvestment Casting can produce 
the most intricately shaped parts with little or no secondary machining required. 


CHOOSE THE ALLOY YOU WANT— Investment Castings are produced in any of 
the ferrous or non-ferrous alloys, including magnesium. 


USE THE PROCESS WISELY — Give full consideration to weight, dimensions, 
tolerances and surface finishes when designing for Investment Casting. Take 
full advantage of the economies inherent in the process. 


CONSULT ARWOOD ENGINEERS —Arwood casting engineers will gladly consult 
with you on your design and production problems, helping you translate them 


into finished products. Write for the name of your nearest ARWOOD sales and 
service representative. 


DESIGN 
FLEXIBILITY 


Parts similar to this stainless steel valve body for an air flow controller often 
require several changes before design is finalized. Due to the relatively low cost 


of dies and die changes, the investment casting process has proven an inexpensive 
and flexible method 


ARWOOD PRECISION CASTING CORP. 
319 W. 44th Street, New York 36, N. Y. 
Plants: Brooklyn, N. Y. * Groton, Conn ¢ Tilton, N. H. * Los Angeles, Calif. 
IN INVESTMENT CASTING’ 


Marine Service . . 


shaft, the steel is now used on in- 
board shafts only. Reverting to a 
lower alloy steel made it necessary 
to increase the shaft diameter from 
21 to 28 in. Shaft diameters can- 
not always be reduced by substitut- 
ing higher strength steels because 
rigidity is important. For similar 
working stresses, the section and ri- 
gidity are smaller for alloy steel 
shafts. 

The increasing use of high- 
strength cast irons for the crank- 
shafts of marine engines and pumps 
is attributed to encouragement by 
the U.S. Navy. Low-molybdenum 
and nickel-molybdenum cast irons 
are most widely used. Forged crank- 
shafts larger than 10 in. in diameter 
are usually made from normalized 
0.25% carbon steel but in faster en- 
gines where power-to-weight ratios 
are more important, normalized 
0.40% carbon steels with ultimate 
strengths of 78,000 psi. are used. 
Where greater toughness is neces- 
sary, steels containing about 1% of 
nickel, manganese or chromium are 
often specified. 

Rotor shafts of marine steam tur- 
bines usually operate below 800° 
F. where medium-carbon steels have 
adequate creep strength. Carbon- 
molybdenum steels are used for 
operating temperatures up to 950° 
F. in British installations. The trend 
is to the molybdenum-vanadium 
steels for temperatures between 900 
and 1050° F. These alloys are more 
resistant to embrittlement from long 
service at elevated temperatures. 

Most marine turbines operate with 
steam temperatures below 900° F. 
and the turbine blades are usually 
made from low-carbon 13% chro- 
mium steels with 0.5% molybdenum. 
Carbon contents of 0.15 to 0.20% 
are considered suitable for operation 
in superheated steam. Steels with 
0.09 to 0.14% carbon are preferred 
for operation in moist steam and for 
weldments. The higher operating 
temperatures of new turbines have 
made it necessary to use 18-8 Cr-Ni 
austenitic steels for turbine blades. 
The austenitic steels have better 
creep resistance but necessitate some 
modifications in design and manu- 
facturing methods. 

Stress-corrosion cracking of mild 
steel plates in riveted seams of cylin- 
drical boilers is still a problem. Such 


METAL PROGRESS 


- 
es 
| 
Gasting 
140 


INTRODUCING 
GRAPH-AIR... 


a tougher, more versatile graphitic tool steel 
that air-hardens at 


O facilities for oil-quenching—or other 

relatively costly heat treating processes ? 
Need a finer air-hardening tool steel? Then 
specify Graph-Air, newest steel resulting 
from the Timken Company's pioneering in 
fine alloy steels. Latest addition to our line 
of quality graphitic tool steels! 

Graph-Air tool steel air-hardens at temper- 
atures of 1450°F to 1550°F—200° to 300° 
lower than most other air-hardening tool 
steels. And because Graph-Air és air-hardened, 
there's less distortion, easier heat treating 
control, less decarburizing. As a result, 
Graph-Air can be made into more intricate 
sections, Graph-Air is a tough air-hardening 
steel, tcoo—made to order for such demanding 
applications as blanking dies, or any tool 
steel part which must take hard abuse. 

Besides all the advantages of air-hardening 
—economy, less drastic reactions to quench- 


temperatures 200° to 300° lower with less distortion! 


ing, less tendency to scale—Graph-Air offers 
greater wear, machinability and stability. Like 
Graph-Mo, Graph-Air will outwear other 
tool steels, because of the uniform diamond- 
hard carbides in its structure. And Graph-Air 
machines 40% faster. The free graphite in its 
structure acts as a built-in lubricant. And 
Graph-Air stays accurate longer, is fully as 
stable as other Timken Company graphitic 
tool steels, which are the most stable tool 
steels made! 

Growing out of the Timken Company met- 
allurgists’ long experience with fine steel 
making, Graph-Air—the new graphitic tool 
steel that can be air-hardened at ow temper- 
atures—will be available in both solid and 
hollow bar sizes. For more information, write: 
The Timken Roller Bearing Company, Steel 
and Tube Division, Canton 6, Ohio. Cable 
address: “TIMROSCO”. 


Fine 


SPECIALISTS IN FINE ALLOY STEELS, GRAPHITIC TOOL STEELS AND SEAMLESS STEEL TUBING 
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ARTIN furnace shown was built for a leading 


manufacturer of aircraft engine parts. Advanced 
in basic design, it also incorporates several features which 


our customer felt certain from long experience would 
do their job better . . . and faster. As anticipated, this 
furnace is now out-performing all others on Nicro-brazing 
operations, at temperatures up to 2500° F. 
Why not ask this defense contractor?* 


You, too, may have some furnace ideas that will do your job 
better and faster. Write us today for information on building 


a MARTIN advanced design furnace to your requirements. 


* Nome and details be A R T i N 
ADVANCED DESIGNS IN 
ALL TYPES OF FURNACES 


industrial furnace division 


10 STREET 
manvrin ee. OETRONT 3. 


Marine Service . . . 


failures can be minimized by treat- 
ing the feed water and by using 
fully killed medium-carbon steels 
relatively high in aluminum. 

Until recently boilers and steam 
pipes have been designed for work- 
ing stresses less than one-fourth of 
the tensile strength. Since the war, 
however, the Germans have made 
both carbon and alloy steel drums 
with wall thicknesses 20 and 30% 
less than those corresponding to the 
common safety factor. The German 
standards for steam boilers permit 
factors of safety ranging down to 
2.43 for alloy steels and 2.83 for car- 
bon steels, Engineers in other coun- 
tries are interested because thinner 
plates simplify manufacture and 
reduce costs. Welding difficulties 
and troubles caused by alloy segre- 
gation are less pronounced in thin- 
ner plates. 

F, W. 


Blast Cleaning Variables 


Digest of “The Blast Cleaning 
of Metal Surfaces”, by Otto 
Peltzer, Stahl und Eisen, Vol. 
75, December 1955, p. 1681-1691. 


LAST cleaning was first developed 

in 1870 by Gen. Benjamin C. 
Tilghman of the United States 
Army. He discovered that metal, 
stone or glass surfaces could be 
etched by a jet of sand. The first 
blast cleaning machine used a steam 
jet and sand, This had many dis- 
advantages, one of which was the 
need to dry the sand. General 
Tilghman’s idea was adopted by 
others and one development that 
followed naturally was a machine in 
which the sand could circulate 
during the operation. The use of 
metallic media was introduced in 
1920 in the form of white iron grit. 
Its short life led to the use of heat 
treated steel grit and later fragments 
of steel wire, 


Modern-day blast cleaning proc- 
esses can be divided into five major 
groups: 

1. Sandblasting—Dry silica sand 
is hurled against the surface by 
compressed air. This is used where 
it is uneconomical or impossible to 
reuse the material. 

2. Wet Sandblasting—Silica sand 


is mixed with water and forced at 
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This is the sixteenth of a series of advertisements dealing 
with basic facts about alloy steels. Though much of the 
information is elementary, we believe it will be of interest 
to many in this field, including men of broad experience who 
may find it useful to review fundamentals from time to lime. 


JULY 1956 


Copper: Its Principal Effects 
in Alloy Steels 


One of the best known of all metals, 
copper certainly needs no introduc- 
tion here. Its uses are legion. It is 
one of the best conductors of heat 
and electricity. It is popular with 
the housewife, essential to the engi- 
neer. But possibly not so well known 
is its very important function as an 
alloying element in certain types of 
steels. So used, copper increases re- 
sistance to atmospheric corrosion 
and also acts as a strengthening 
agent. 

Since copper does not oxidize in 
the steel melt, it can be added at 
any time during the course of the 
heat. Pure copper melts at about 
1980 deg F. 

Copper is added to steel in vary- 
ing amounts. The actual proportion, 
of course, depends upon the end 
product in mind. Some of the most 
widely used copper-bearing steels 
are those containing from 0.20 to 
0.50 pet. In these, copper has been 
found to increase corrosion-resist- 
ance without materially affecting 
mechanical properties. It has 
been found, too, that paint frequent- 
ly lasts longer on such steels than 
on the non-copper-bearing types. 

Among the best known of the 
copper-bearing steels are the high- 
strength, low-alloy grades developed 
in recent years. Generally speaking, 
the ductility of steels in this group 
is comparable to that of conven- 


tional structural steel. The yield 
strength, however, is usually higher. 
Copper, working as a team with 
chromium, nickel, and phosphorus, 
substantially raises the level of cor- 
rosion-resistance in these steels; yet 
its presence does not adversely affect 
welding characteristics. 

Copper-bearing steels are a sub- 
ject in themselves, a subject in 
which Bethlehem metallurgists are 
well versed. If you would care to 
know more about this interesting 
group of steels, feel free to con- 
sult with our technicians. They will 
gladly work closely with you and 
help with any problems you may en- 
counter. And please remember, too, 
when you need alloy steels of any 
kind, that Bethlehem manufactures 
the full range of AISI standard alloy 
grades, as well as special-analysis 
steels and all carbon grades. 


If you would like reprints of this entire series 
of advertisements, Nos. I through X V1, please 
write to us, addressing your request lo Pub- 
lications Dept., Bethlehem Steel Company, 
Bethichem, Pa. The material is now available 
in a convenient J32-page booklet, and we 
shall be very glad to send you a free copy 


BETHLEHEM STEEL COMPANY 


BETHLEHEM, PA. 


On the Pacific Coast Bethlehem products 
are sold by Bethlehem Pacific Coast 
Steel Corporation. Export Distributor 
Bethlehem Steel Export Corporation 


BETHLEHEM STEEL 
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take the SHAKES out 
AIRCRAFT INSTRUMENTS 


Fabricated all-metal mounts have 
high damping properties... 
Resist deterioration. 


Robinson Aviation, Inc., Teterboro, New Jersey, uses 
knitted stainless steel and nickel alloy wire cushions 
in their new all-metal engineered mounting systems 


' “ihe to control vibration and shock in airborne electronic 
equipment and instruments. Alloy wire resilient cushions have attained 
performance standards heretofore impossible with conventional rubber 
or synthetic materials. 


When fabricated into a special pattern, the wire forms literally thousands 
of tiny interlocking springs. Their high damping characteristics and non- 
linear spring rate provide ample protection against dynamic overloads. 
Alloy wire resists deterioration by oil, water, ozone, bacteria, dust and 
extreme temperatures. Knitted alloy wire is used in hundreds of other 
industrial applications, such as filters, mist eliminators, electronic shield- 
ing. For further information send today for our Application Bulletin A-1. 


ALLOY METAL WIRE DIVISION 


HK H. K. PORTER COMPANY, INC. 
Prospect Park, Pennsylvania 


Blast Cleaning . . . 


the surface with compressed air. 
This method is used in shipbuilding 
where ships’ hulls or other large 
surfaces are to be cleaned and also 
in other industries where dust must 
be avoided. 

3. Shot and Grit Blasting— Round 
and angular metal particles are 
propelled at the surfaces by com- 
pressed air or centrifugal force. 
This is used for removing scale from 
rolling mill products. The finish ob- 
tained is suitable for galvaniz- 
ing, enameling, phosphatizing or 
painting. 

4. Hydro Sandblasting—A mix- 
ture of coarse silica sand and water 
is forced at pressure of about 1700 
psi. against the surface to be 
cleaned, 

5. Liquid Jet Cleaning—Fine sil- 
ica sand is added to water and forced 
by compressed air or pumps at a 
pressure of 45 to 85 psi. to produce 
very fine surfaces on tools, dies and 
similar pieces where surface finish 
must be exceptionally smooth. Clean- 
ing efficiency can be obtained by 
blending a harder material such as 
rice hulls with one of the softer 
mediums. 

Most blast cleaning materials are 
either round like shot or irregular 
and angular like grit. Shot is usually 
used to remove molding sand and 
scale, whereas grit is most commonly 
used to remove paint or rust. The 
particle size must be considered in 
relation to the shape of the pieces to 
be cleaned. Since large grains of 
shot rebound from the surface, they 
are best suited for complicated 
shapes. The large particles rebound 
and strike relatively inaccessible 
areas before their kinetic energy is 
completely dissipated. 

The particle size of the shot or 
grit is governed by the thickness of 
the parts that have to be cleaned. 
Thin pieces may be worked too 
severely or even damaged if heavy 
particles are used. The particle size 
also affects the surface condition. 
Finer surfaces are obtained with 
smaller particles. Particle size must 
be controlled because an excessive 
amount of fines may produce a 
drastic increase in cleaning time. In 
addition to screening out fines it is 
necessary to remove all foreign 
material such as particles of scale 
or metal. R. C. SHnay 
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Mews 
COATINGS for METALS 


Metallic........ Organic 


New plastisol sprays 
coating 60 mils thick 


Unichrome “Super 5300” Coating de- 
livers the full solids content of vinyl 
plastisol right through a spray gun. It 
permits a pore-free 50 mil coat to be 
obtained in just one application on flat 
or irregularly shaped surfaces. 

Single or multiple coats of this mate- 
rial amount to a viny! “sheet” material, 
but without any seams or joints where 
corrosives might penetrate. “Super 
5300” shrugs off strong acids, caustics, 
water, salt solutions and other corro- 
sives. Its heavy duty protection often 
permits use of ordinary metals in place 
of costly alloys. Write in for more data. 


Good masking 
with non-cyanide 
copper plating 


Metals engineers have long made good 
use of Unichrome Pyrophosphate Cop- 
per Plating Process for stopping off 
areas in nitriding and carburizing. Be- 
cause of the density and fine grain of 
the deposit, dependable masking is se- 
cured with a thinner plate, saving time, 
money and copper. Bulletin CU-3 tells 


more. 
@ 
METAL & THERMIT 


CORPORATION 


General Offices: Ranway, New Jersey 
Pittsburgh © Atlanta © Detroit 
East Chicago ¢ Los Angeles 


Metal & Thermit—United Chromium 
Limited, Toronto 


of Canada 
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New improvement in Chromium Plate 


Crack-Free Chromium Deposits 
give unique protection to parts 


Decorative ........ Protective 


(Left) Surtace view of etched ordinary chromium surface, enlarged about 75X, shows typical network of cracks, (Right) 
Etched Crack-Free Chromium surface shows none of this. Steel parts are therefore securely protected from rust 


Electrodeposits become continu- 
ous surfaces as thickness increases 
and porosity vanishes . . . except 
for ordinary chromium plate. 
Something else happens. Cracks 
develop as the chromium deposit 
builds up. Through these defects, 
corrosives reach the underlying 
metal. Unichrome Crack-Free 
Chromium eliminates these struc- 
tural imperfections. 


Comparative tests have demon- 
strated that Crack-Free Chromi- 
um makes a tremendous difference 
in corrosion protection. 


At 110° F, and 100% relative hu- 
midity, only .0003” of Unichrome 
Crack-Free Chromium protected 
steel from rust for over 1000 hours. 
With ordinary chromium, identi- 
cal parts were rust-covered in just 
days. In testing protection of 
.0005” of chromium plate in salt 
spray for 100 hours, one user 
found steel shafts protected with 
Crack-Free Chromium unaffected; 
while shafts with ordinary chro- 
mium were enveloped with rust. 


That is a question best answered 
by product designers. Knowledge 
of the complete advantages may 
suggest many uses. Crack-Free 
Chromium also offers: 

1. Wear-resistance, hardness, and 
low friction. 

2. Improved non-galling, non-seiz- 
ing properties. 

3.A more ductile deposit, resist- 
ance to thermal shock and better 
protection at elevated tempera- 
tures. Good impact resistance. 

4. Excellent leveling action which 
helps cover surface imperfec- 
tions. Also easier, faster grind- 
ing, if required. 

5. Protecting the base metal with- 
out undercoats, Crack-Free 
Chromium can be used directly 
on steel or zinc base die castings 
for many applications. 


A satin, matte finish, Crack-Free 
Chromium can be left as is, or 
readily buffed to high luster. Ask 
for recommendations, or send for 
Bulletin CFC-1. 
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12045 Woodbine Ave., Detroit 28, Mich. 


AUTOMATED 
BATCH-TYPE 


CONTROLLED ATMOSPHERE 
FURNACE- THE 


All the proven advantages of DOW’S top quality controlled atmos- 
phere, furnaces with built-in atmosphere generators .. . PLUStime 
saving automation in one compact, efficient package. 


This new furnace pre-conditions, loads and unloads the work cham- 
ber, quenches the charge and discharges the finished work without 
operator handling. 


No time loss, no guessing, no human error . . . every load identically 
processed and handled. 


Write for detailed literature. 


TYPE, CONTROLLED 
ATMOSPHERE FURNACES 


Phone: KEnwood 2-9100 


Criticism of 
Engineering Education 


Digest of “A Criticism of the 
Technical Education of Recently 
Qualified Engineers”, by P. P. 
Love, The Engineer, Vol. 200, 
Nov. 18, 1955, p. 737-740. 


Rn. Love criticizes the present 

graduates in the sciences and 
technology as having a fund of fac- 
tual knowledge but an inability to 
use this knowledge to solve indus- 
trial problems. Several hypothetical 
examples are cited in which one en- 
gineer arrived at a solution through 
standard cookbook methods, while 
another engineer faced with the 
same problem first decided exactly 
what was wanted and then devel- 
oped an unconventional program 
which produced a solution in much 
less time and at less cost. 

One of the problems was to de- 
sign a broach blade to give the 
longest life within a limited range 
of cutting speed in broaching a flat 
surface accurately. The first engi- 
neer laid out a program in which 
each factor, such as tooth pitch and 
step, tooth land and rake angle, was 
varied one at a time. Not all of the 
experiments were completed but had 
they been, some 800 hr. would have 
been required using 16 sets of 
broaches at £60 per set and 480,- 
000 pieces, and many of them would 
have been scrapped during the 
experiment. 

The second engineer simulated 
the problem with a lathe and single 
point tool, “facing” the end of tub- 
ing the same thickness as the ma- 
terial to be broached. The tube was 
slotted to give an interrupted cut 
as in broaching. With a single-point 
tool, chip action could be stud’ 
clearly and the tooth shape modih 
much more readily. It was observed 
that at low speeds there was a sig- 
nificant interaction of rake, step and 
shear angles which would not have 
been observed in the conventional 
kind of experiments. The second 
engineer arrived at a solution in 
about 200 hr. using only six single- 
tooth tools at a cost of 23 each and 
20 ft. of 3-in. diameter tube. He 
used no knowledge outside the cer- 
tified range of the conventional en- 
gineer. The other examples described 
are similar in that the first engineer 


proceeded without a well-planned 
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Durinc OPERATION DEEPFREEZE, 
the Navy's current expedition to Ant 
arctica, thirty-eight rugged cargo sleds 
will be used to haul supplies 400 miles 
from Little America to Marie Byrd 
Land. The 11-ton sleds, each carrying 
a load up to 20 tons, ride on skis made 
from tough \,” plates of USS “T-1" 
Steel. The sleds were designed jointly 
by the United States Navy and Otaco, 
Limited, Orillia, Ontario, Canada. 


THE SKIS ARE MADE OF USS “T-1" STEEL. 
When the going gets rough, the 
runners on these cargo sleds 
are assembled into skis, 13 feet 
long and 34 inches wide, made 
of USS “T-1” Steel. 


| 


Operation Deepfreeze sleds plow across Antarctica 


On tough skis of USS “T-1" Steel 


IGY IS THE REASON. Scientists with the current Navy expedition to Antarctica 
will obtain scientific data on weather, atmospheric conditions, aurora and 
air glow, glaciers, geomagnetism, and allied subjects during the next Inter 
national Geophysical Year (1957 and 1958). Tractor-drawn trains of cargo 
sleds, built by Otaco, Limited, Orillia, Ontario, Canada, will be used to haul 
supplies. Skis for the sleds are made of USS “T-1" Steel 


Naturally, the skis had to be made 
from a steel that stays tough and durable 
at temperatures far below zero. The 
steel also had to possess high strength 
(to keep down weight), and excellent re 
sistance to abrasion (to withstand the 
400-mile trip across rugged, ice-covered 
terrain). In addition, the steel had to 
have good forming characteristics and be 
easily weldable (to simplify fabrication) 

One steel met all the requirements; 
that was USS “T-1" Steel. USS “T.1" 
Steel has a minimum yield strength of 
90,000 psi... can be welded as easily as 
carbon steel, with the proper electrodes 

has excellent resistance to abrasion 
and impact abuse and remains tough 
at low temperatures. It was ideal for this 
tough job. 


A VERSATILE NEW ALLOY STEEL 


USS “T-1" Steel is adding strength and 
durability, cutting weight and costs, in 
steel mill equipment, power shovels, mine 
cars, bridges, coal handling equipment, 
pressure vessels, and many other appli 
cations, at high and at low temperatures. 
It probably can help you improve your 
own product. Write for complete infor- 
mation. United States Steel, Room 5353, 
Pittsburgh 30, Pa. 


UNITED STATES STEEL CORPORATION, PITTSBURGH + COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO + TENNESSEE COAL & IROM DIVISION, FAIRFIELD, ALA. 
UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS, COAST-TO-COAST + UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


CONSTRUCTIONAL ALLOY STEEL 


See The United States Steel Hour. It's a full-hour TV program presented every other 


week by United States Steel. Consult your local newspaper for time and station. 
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Take surface temperatures 
quickly, accurately... 


The handy Alnor Pyrocon is un- 
equaled for quick, accurate read- 
ing of all surface temperatures 
. » » whether they are metallic 
or non-metallic, flat or curved, 
stationary or revolving. Accu- 
rate temperatures are easily un- 
derstood on the Pyrocon’s direct 
reading scale face . . . without 
interpolation or need of con- 
version tables. A wide selec- 
tion of thermocouples and ex- 
tension arms permits adapta- 
tion to many types of service. 
For complete details and prices, 
send for Bulletin No. 4257. Illi- 
nois Testing Laboratories Inc., 
Room 523, 420N. LaSalle Street, 
Chicago 10, Ill. 


Education . . . 


course of action while the second 
first determined exactly what the 
problem was and investigated only 
the variables which were significant. 
Mr. Love’s major point is that in 
the schools there is a marked de- 
ficiency in instruction in using the 
mind. He believes, and cites sup- 
porting references, that “skill in us- 
ing the mind can be assisted and 
speeded up by knowledge of certain 
techniques in thinking”. In his ex- 
perience with college graduates, 
however, none that he questioned 
had had any instruction in how to 
think. He points up the deficiency 
with reference to the usual examina- 
tion questions in which most of the 
thinking has been performed by the 
examiner in devising the questions. 
He feels that most examinations 
grade the ability of the student to 
put down on paper knowledge of a 
subject such as any plodder could 
acquire if granted sufficient time. 
The editor of The Engineer ques- 
tions whether too much emphasis is 
not being placed on the teaching of 
fundamentals. With the widening 
of the boundaries of technology, the 
modern syllabus is strained to the 
limit even when limited to the fun- 
damentals. Hence the syllabus is 
based on the type of examination to 
be given and, in general, the exami- 
nations have come to require merely 
the relating of factual knowledge. 
The fundamental need in educa- 
tion is not really that of providing 
knowledge but of teaching students 
how best to make use of the brains 
with which they have been en- 
dowed. The editor and Mr. Love, as 
well as other contributors, have the 
impression that the engineering syl- 
labus has become so overweighted 
with “fundamentals” that this aim of 
teaching students to think is in 
danger of being forgotten. 
Engineering boundaries are wid- 
ening so rapidly that one would 
hesitate to predict what sort of in- 
dustries will exist 40 years hence. 
It is likely that many of the “funda- 
mentals” now considered essential 
will not be required at all. It is sug- 
gested that there be a severe “root- 
pruning” of the teaching of funda- 
mentals and much more attention 
should be paid to developing a spe- 
cific training in thinking. 
A. ]. Smrrn 
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Nonferrous Melting with... 


SPENCER TURBO-COMPRESSORS 


HARTFORD 


There are many methods of melting non-ferrous metals but the accepted 
standard for furnishing air to Oil and Gas fired furnaces is the Spencer 
Turbo-Compressor. A battery of Spencer 5 HP turbos in the foundry of a 
large Chemical plant is shown below. 


Thirty-five years ago the Spencer Turbo was first specified by a furnace 
manufacturer. Today it is the first choice of all of the leading furnace and 
oven manufacturers. 


The reasons they prefer Spencer are the absolute reliability—perfect per- 
formance and low maintenance over long years of almost continuous 
service. Spencer Turbos range in size from 35 to 20,000 cu. ft. per min., 
4 oz. to 10 Ibs. and 1/3 to 1,000 HP. 


THE SPENCER TURBINE COMPANY 


For complete description ; 
of the standard and 5 E N R 


special Turbos ask for HARTFORD 
Bulletin No. 126-A. 
HARTFORD 6 


CONNECTICUT 


if of turbo-Comor: 
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a BETTER MOLD 
It cost 30% LESS 
CAST TO SHAPE IN 


DARWIN 


& MILNER 
TOOL STEEL 


Lorge ring is 30” in diameter, 2%" thick. 


* The S. K. Wellman Company, Bedford, Ohio, leading maker of 
all metal clutch plates, facings and brake linings, had traditionally 
bought tool steel forgings for these mold parts until they tried 
PRK-33 Air Hardening Cobalt, High Carbon, High Chrome castings. 

The results were completely satisfactory. The cost was 30% less 


than forgings. The castings were closer to final dimensions than 
the forgings and were much easier to machine. 

Because PRK-33 is a higher grade steel than that previously used 
in the molds, runs between grinds were at least equal and often 
longer. 

If you use tool steel molds, dies or tools—call or write now! 
We can advise you how “Cast to Shape” may be able to offer you 
a substantial savings in your tooling. 

Complete line of highest grade Tool Steels, including PRK-33, DARWIN No, 1, NEOR, 
MINEOR, OHT, ‘'MTé6"’ and various grades of Hot Work Specialty Steels. Furnished 


in Bar Stock, Billet and Sand Casting, Drill Rod, Flat Ground Stock and Tool Bits. 
Bulletin on Request. 


DARWIN & MILNER Ine. 


highest grade tool steels 
2345 ST. CLAIR AVENUE CLEVELAND 14, OHIO 


© 1610 W. FIRST AVENUE © COLUMBUS, OHIO e« 


REPRESENTED BY 
ZIV STEEL & WIRE CO, CHICAGO + DETROIT + ST. LOUIS + INDIANAPOLIS + TOLEDO + MILWAUKEE 
* MG. OPP COMPANY, NEW YORK CITY + PECK STEEL & DIE SUPPLY COMPANY, LOS ANGELES + 
CHARLES WESTER, PLAINVILLE, CONNECTICUT CHARLES W. BRINGMAN, ORLANDO, FLORIDA 


Spot Weld 
Failures Analyzed 


Digest of “The Behavior of 
Spot Welds Under Stress”, by 
J. F. Rudy, R. B. McCauley and 
R. S. Green, The Welding Jour- 
nal, Vol. 35, February 1956, p. 
65 s-71 s. 


new method of testing spot 

welds called the “sectioned spot 
shear test” uses a specimen cut 
through a spot weld in such a way 
that a section through the middle 
of the weld is exposed on the 
lengthwise edge of the test speci- 
men. The edge of the specimen 
showing the spot weld is polished 
and etched and the effects of in- 
creasing stress on the microstruc- 
ture may be observed. 

The failures encountered in the 
tension-shear tests of the spot weld 
specimens are of three types: shear, 
in which the fracture is approxi- 
mately parallel to the contact sur- 
face of the welded sheets; tears, 
which are perpendicular to the 
surface and outside the weld; and 
intermediate, which start as shear 
but end in a tear. In low-stress shear 
failures there is no deformation of 
the base metal. Where the weld 
strength is greater the fracture passes 
through the base metal with some 
deformation. The sectioned spot 
shear test indicates that solid-phase 
grain growth across the contact sur- 
face is more complete in the stronger 
welds because of the application of 
more heat in welding. 

In failures of intermediate type, 
the weld buttons are at least par- 
tially torn out of the plate. In such 
failures at low stress levels, plastic 
strain occurs first along the contact 
surface between the welded sheets. 
At higher stress it avoids the stiffer 
nugget and passes around the weld 
causing the nugget to pull away. 

In tear failures where all the 
fractures are tensile there is only 
a very short distance between the 
weld edge and the nugget, and 
plastic strain is confined to that small 
area. In such welds the nuggets are 
so large that the usual 45° slip in 
the base metal is interfered with 
and failure of the sheets occurs in 
tension rather than shear. 

In all three types of failures the 
initial stress causes strain at the weld 
edge. In the shear type the deforma- 
tion continues through the weld. In 
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ip? 
Braze it for 4¢ with TOCCO™ 
Willey’s Carbide Tool Company, Detroit, reports the following benefits from 
TOCCO Induction Brazing of tool tips: 


1. Large lathe tools: 8 times as fast. TOCCO brazes 85 per hour; former 
method 80 per day. 

2. Cost cut from 58¢ to 4¢ for each large tool. 

3. Small tools (%"" to Ys’ square): TOCCO brazes 250 to 400 per hour. 

4. Two 15-KW TOCCO machines paid for themselves in three months. 


Mail coupon for information on many other brazing applications where TOCCO 
saves important time and money. 


THE OHIO CRANKSHAFT COMPANY Mail Coupon Today — 


NEW FREE $ THE OHIO CRANKSHAFT CO. 
BULLETIN Dept. 8-7, Cleveland 5, Ohie 


Please send copy of “lool Tipping 
with TOCCO.” 


Name 
Position 
Company 
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NOW! 
BRASS HEX NUTS 
MADE FROM POWDER 


Tradition in nut manufacturing is giving ground to production by 
powder metallurgy —with spectacular results. Brass powder nuts 
can be made with clean-cut detail and a high degree of dimen- 
sional control. The manufacturer® claims ultimate tensile strengths 
of 30,000 to 35,000 psi for the new brass powder nuts and 
prices which show definite savings over those produced by 
conventional methods. 

Brass powder nuts are made by compacting and sintering 
blanks, which are then cut-threaded to conform to rigid specifica- 
tions. The smooth surfaced bright brass appearance of the nuts 
is most attractive. They are also available with cadmium, zinc 
or nickel plated coatings, or with a black oxide finish. Widths 
from to and thicknesses from to "hs" are now in 
production with a wide range of hole and thread sizes. 


*Midwest Sintered Products Corp., Chicago, IIlinois 


What can BRASS POWDER PARTS do for you? 


For detailed information on the design, 
properties, production and application 
of brass and other nonferrous powder 
parts you should hove a copy of our 
manval. It will give you 20 case his- 
tories of brass and nickel silver powder 
structural ports to assist in evalvating 
this means of production in terms of 
your particular needs. 


FoR Your copy 


: THE NEW JERSEY ZINC COMPANY 


160 Front Street New York 38, N.Y. 


Spot Welds... 


the intermediate type it changes 
direction to pass around the nugget 
after passing partly through the 
weld. In the tear type it misses the 
weld. The weld strength varies in- 
versely to the strain at the contact 
surface. 

Fractures of the shear type occur 
only when the welding current is 
so small that no nugget with cast 
structure is formed. When the nug- 
get occupies more than about 80% 
of the weld bond, all fractures are 
of the tear type. Between 0 and 
80%, the fractures are intermediate. 
Thus the nugget development is an 
important factor in the type of 
failure and the strength of a spot 
weld. The sectioned spot shear test 
for spot welds gives valid indica- 
tions of the effects of stress and is 
useful for correlating such effects 
with the microstructures. 

G. F. Comsrock 


Stress-Corrosion of 
Stainless Boilers 


Digest of “Stress Corrosion of 
Austenitic Stainless Steels in 
High Temperature Waters”, 
W. Lee Williams and John 
Eckel, Journal of American So- 
ciety of Naval Engineers, Vol. 
68, February 1956, p. 93-104. 


TRESS-CORROSION cracking has oc- 
curred in equipment made of 
austenitic stainless steel when ex- 
posed to high-temperature water and 
the steam phase of such water. Al- 
though the stress-corrosion mechan- 
ism is believed to be the same in 
both steam and water phases, several 
variables may affect the results ob- 
tained in a steam-water system. For 
example, the effect of inhibitors may 
vary from the water to the steam 
phase, the oxygen concentration may 
vary in the two phases and dissolved 
solids can become highly concen- 
trated on material exposed to the 
steam phase. 

In high-purity water containing 
dissolved oxygen, hot rolled and mill 
annealed material rarely cracks from 
stress-corrosion. Heavy cold work 
increases its susceptibility to attack 
and subsequent annealing is not a 
reliable method of removing the 
cracking tendency. The presence of 
chlorides in naval boiler waters is 
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Crucible gives you 
wide selection, 


dependable delivery of 


Cold Rolied 
Specialty Steels 


For a full selection of cold rolled specialty steels — call 
Crucible. Deliveries are on-schedule — in the size, grade, 
finish or length you need. 


And Crucible’s new mill facilities mean closer control of 
rolling ... insure greater physical uniformity . . . fine finish 
... better edges .. . flatter strip. 


Whether you use carbon spring steel, alloy strip steel, 
or many other ferrous analyses that can be cold rolled, 
you can’t beat Crucible. More information is contained in 
the 32-page booklet, “Cold Rolled Specialty Steels”. Write 
for your free copy now. Crucible Steel Company of Amer- 
ica, The Oliver Building, Mellon Square, Pittsburgh 22, Pa. 


E 4 UJ C t 2 LE| first name in special purpose steels 


Crucible Steel Company of America 
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UNITED, ALUMINUM TUBE 


...all the features you want 


at a low cost per foot! 


Here's what you get when you 
specify and buy quality-controlled 


United Aluminum Tube: 


EXTRA-GOOD, commercially bright, 
clean surface. 


UNIFORMITY OF TEMPER 
(the best in “bendability”) 


CLEANLINESS — inside and outside, 
with square ends “commercially 
free from burrs.” 


EASILY FLARED without cracking 
or splitting. 


CLOSER TOLERANCES that give you 
more footage of United Aluminum 
Tube per pound, and earn you a 
lower cost per foot! 


Add to these, ares of delivery, no charge for cut-to-length 
from 36” up and you'll agree with the host of appliance manu- 
facturers who specify and buy United . . . the quality name in 
aluminum tube. 


Uniteo WIRE 
7 AND SUPPLY CORPORATION 


PROVIDENCE 7, R. 1. © OFFICES IN PRINCIPAL CITIES 


LOOK TO UNITED FOR THE BEST IN ALUMINUM, COPPER AND BRASS TUBE AND WIRE 


Stress-Corrosion . . . 


the most important factor leading to 
the stress-corrosion failure of aus- 
tenitic stainless steels but oxygen 
content is also important. 

If oxygen is present in plain 
chloride waters, cracking will occur 
on specimens in the water phase at 
temperatures nearly as low as the 
atmospheric boiling point and at 
chloride levels as low as 300 ppm. 
Cracking can usually be inhibited in 
boiler water if the water is treated 
with alkaline phosphate. Stress-cor-: 
rosion cracking occurs in the steam 
phase when intermittent wetting 
takes place. This susceptibility to 
stress-corrosion is dependent upon 
the oxygen and chloride concentra- 
tion of the system. The maintenance 
of oxygen at some concentration be- 
low |} ppm. prevents stress corrosion 
at chloride levels usually encount- 
ered in steam generation equipment. 
Treating of the water with alkaline 
phosphate does not prevent cracking 
in the steam phase. 

Tensile stresses are necessary to 
cause stress-corrosion cracking. 
These stresses include applied 
stresses as low as 5000 psi. or resid- 
ual stresses from tube rolling, joint 
welding and surface abrading with 
emery paper. Attempts to eliminate 
stress-corrosion cracking in the steam 
phase by the use of inhibitors such 
as tannin, chromate and octadecyla- 
mine have not been successful. Oxy- 
gen scavengers, such as hydrazine 
and sodium sulphite, added to the 
system, have a tendency to reduce 
stress-corrosion cracking. 

Laboratory tests indicate that the 
austenitic stainless steels are more 
vulnerable to stress-corrosion when 
subjected to the steam phase of 
boiler systems where intermittent 
wetting is apt to occur. An example 
is at tube-header joints of heat trans- 
fer equipment. The prevention of 
crevices at these joints would aid in 
the control of stress-corrosion. Chlo- 
ride and oxygen elimination are 
other methods of control. Stress- 
corrosion cracks nearly always start 
at macroscopic corrosion pits in the 
surface of the specimens. There- 
fore, pitting may be a necessary step 
in the initiation of the cracks. 

The authors point out the need 
for extreme caution in the design 
and operation of equipment employ- 
ing austenitic stainless steels in con- 
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Transmission pinion pin 


Locking pin 


Bevel geor 


Steering arm ball stud 


Here’s selective heat treating 


that can be 


MADE-TO-YOUR-MEASURE! 


Cincinnati does both — selective flame or in- 
duction hardening — and the parts shown above 
are typical of those that can be hardened by 
either method. If that’s your situation, then 
talk to Cincinnati . . . headquarters for equip- 
ment that gives you the hardness wanted, 
where it’s wanted, using the heat source most 
economical for you. Use electric power—or 
acetylene, propane, natural or manufactured 
gas — whichever is readily available to you or 
provides lowest cost. 


Whether flame or induction, you can be as- 


‘flamatic 


/ 
induction 


sured of heat-treating machinery that will de- 
liver the hardness you specify, and meet your 
cost-per-piece requirements, on high produc- 
tion quantities or varied, small-lot runs. It will 
be excellently engineered, equipped with the 
finest of components, thoroughly safeguarded, 
easily maintained, 


Call in a Process Machinery Division field 
engineer. He is ideally equipped to evaluate 
your needs and give you unbiased recom- 
mendations as to the most economical equip- 
ment for your selective surface hardening work. 


CINCINNATI 9, OHIO, A, 


Locking pawl 


THE CINCINNATI MILLING MACHINE C9. 


i 


| 
induction 


Brinell Test 


large pieces fast—with 
this long stroke machine 


Large awkward castings, forgings or pipe 
are easily tested because the long stroke 
eliminates screw adjustment to work size. 
The hydraulic ram is controlled by a single 
lever. Large, stationary roller-type or flat 
table makes work handling simple, fits well 
into a conveyor line. 


Choice of plain Brinell machine or the direct 
reading machine (shown, model DHL), 
where dial at end of ram gives comparative 
hardness immediately. Larger and special 
machines may also be had. 


Write for more information 
on all our Brinell testing machines. 


measuring 
* alr 
* ammonia 
* dissociated 
ammonia 
+ butane 
* city gas 


costs less. 


For additional 
bulletin #201. 


. . for measuring industrial gases 
~ Here at last is the truly modern 
flo-meter that offers important and 
exclusive advantages for every user. 

1. Easy to clean. No tools are needed 
for disassembly . 


. can be completely 


cleaned and reassembled in 2 minutes. 
2. Easy to read. 6" scale gives extra 
visibility. Exclusive Waukee tabs 
identify in large red letters gas being 
measured. Eliminates mistakes. 
3. Built-in control valves. Operators 
can easily see flow change. 
4. Easy to mount. Can be pane! mounted 
. piping is simpler, installation 


information request 


ENGINEERING COMPANY 


5140 N. 35th Street, Milwaukee, Wis. 


Stress-Corrosion 


tact with high-temperature water 
and particularly the steam phase of 
the water. 

They recommend the use of an- 
nealed and stabilized steels, stress 
relief treatment, low operational 
stresses, low chloride levels, low 
oxygen levels and proper corrosion 
inhibitors as important steps in elim- 
inating the hazards of stress-corro- 
sion cracking. 


F. H. Beck 


Energy of 
Grain Boundaries 


Digest of “Grain Boundaries 
— Explanation of Microstruc- 
tures in Terms of Energies”, by 
D. McLean, Metal Treatment 
and Drop Forging, Vol. 23, Jan- 
uary 1956, p. 3-10. 


GRAIN boundary has two distinct 
features, the misorientation be- 
tween the grains on each side of it 
and the structure of the boundary 
itself. The misorientation between 
grains affects the plastic properties 
of metals while the structure of a 
boundary is important in such proc- 
esses as diffusion and age harden- 
ing. The evidence available on the 
structure of grain boundaries indi- 
cates that they consist of a misfit 
layer two or three atoms thick which 
resembles a thin layer of liquid. 
Four facts support this conclusion: 

There must be a disorganized 
layer joining two different crystal 
lattices or two identical misoriented 
lattices and the layer must be thin 
to be consistent with the short range 
of atomic forces. 

2. Such a structure is shown by 
the bubble model. 

3. It is improbable that the misfit 
can be resolved into distinguishable 
dislocations as it can for boundaries 
where the misorientation is small, 
since the dislocations would have to 
be so close together that they would 
seriously distort each other. 

4. The calculated energy of the 
postulated supercooled liquid layer 
is about the same as the measured 
energy. 

Grain boundaries can be divided 
into two distinct classes which 
merge in the region where mis- 
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insulating firebrick 


oo best meets your needs ? 


Only Johns-Manville’s insulating brick family offers the right 
combination of properties... for furnace requirements to 3000F! 


J-M's nine different insulating strength, conductivity and density. tributors in key industrial areas. 
firebrick* means you never have to Johns-Manville has two strategi- For complete information, call 
settle for a brick that’s nearly right! cally located plants for the production your nearest J-M representative. Or 
Instead, you choose the one brick of insulating brick: Lompoc, Cali- write for brochure IN-115A to Johns- 
that best meets your needs... fornia, and Zelienople, Pennsylvania. Manville, Box 60, New York 16, 
for such important properties as Brick are available from the stocks |§ New York. In Canada, Port Credit, 
temperature resistance, load-bearing of authorized Johns-Manville dis- Ontario. 


*Sud-O-Cel® Super and C-22 insulating brick are for back-up use only 


REFRACTORY AND 


JM Johns-Manville insucatine rerractory provucts 
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The KING 


reading. Other loads can be 


quired, The removable Test Head makes it pos- 
sible to test parts of any size. It can be adapted 
for unusual applications ordinarily thought 
impossible. It is rugged and dependable, yet 


weighs only 28 pounds. 


The King Portable can now be furnished 
with extra long elevating screws. This in- 
creases the capacity of the machine to 13%” 


gap. Larger parts can now be 
removing head from base. 


PORTABLE— 


Now ...More Versatile Than Ever! 


Newly designed, the King Portable Brinell 
Hardness Tester with Test Head for Deep and 
Offset testing, gets hardness readings in places 
no other tester can reach. It gets into narrow, 
cramped spaces, around corners and flanges, 
and into holes. 

This precision instrument is simple and easy 
to operate, and can be used'as a bench tester 
or taken to the 
job, regardless 
of location. It 
can test ma- 
teriale in any 
position, almost 
anywhere, 

A load of 3000 
kg. is applied to 
a 10 mm. ball 
and a clear, 
sharp impres- 
sion is obtained 
to permit easy 
applied as re- 


tested without 


Write for Complete Description and Specifications 


KING TESTER CORPORATION 


446 WN. 13th STREET 


PHILADELPHIA 23, PA. 


PRODUCTION 


FURNACE 

fast, 

high quality, 
economical 


heats 


If you want a top- -notch furnace for limited production, 
et this Type GMS 30 k.w., 60-lb capacity DETROIT. 
Indirect arc melting, automatic roc king control with 
3-phase reversible motor, independently mounted 
electrode brackets for easy shell ch: inge. Rocking action 
assures thorough homogeneity of metals, economical 


heat utilization, lon 


ger lining life. For ferrous and 


non-ferrous alloys. Sold complete with transformer. 


Write today for full information on Type GMS 


Detroit Electric Furnace 


DETROIT ELECTRIC FURNACE 


KUHLMAN ELECTRIC COMPANY 


«1980 26th SF. 


Foreign Representatives: In BRAZIL —Equipamentos Industrias “Eisa” Ltd., Soo Paulo; CHILE, ARGENTINA, 
150 Broadway, New York 7, N.Y., MEXICO: Casco, S. de R- 


PERU and VENEZUELA: M. Castelivi inc., 
L. Atenas 32, 


* BAY CITY, MICHIGAN | 


Despacho 14, Mexico City, D.F. 


Grain Boundaries . 


orientation cannot be represented 
by a dislocation model. The low- 
angle boundary becomes less dis- 
tinguishable from the neighboring 
grains as the misorientation is re- 
duced and its physical properties 
vary correspondingly. On the other 
hand, the properties of ordinary 
grain boundaries are much less 
dependent on the angular difference 
between the neighboring grains. One 
of the physical properties of grain 
boundaries which at low angles is 
affected by misorientation is the 
grain-boundary energy. Since the 
boundary atoms do not lie in perfect 
lattice positions, they are not in 
positions of lowest energy. The 
extra grain-boundary free energy 
manifests itself as an interfacial ten- 
sion equivalent to surface tension. 

The methods of measuring grain- 
boundary energy require comparison 
with some other more accessible 
interface or surface and measure- 
ment of the energy of this interface. 
As a result, the methods of measure- 
ment are either relative or absolute. 
The relative methods all depend 
on the fact that surface or inter- 
facial tensions in metals pull into 
equilibrium as they do at the junc- 
tion of these soap films. If the sec- 
tion is normal to the junction line, 
then the ratios of the interfacial 
tensions to the sine of the opposite 
angles are equal. The only absolute 
method which has been used with 
success is one which requires com- 
parison with the tension in the sur- 
face of the metal. Surface tension 
is determined from the equilibrium 
reached between the metal surface 
and the surface tension of a drop 
of liquid which does not wet the 
metal surface. 

Grain shape is the result of the 
balance between the laws of surface 
tension equilibrium and the require- 
ments of space filling. When all grain 
boundaries have the same tension, 
the grain boundaries meet along a 
line at an angle of 120°. When four 
grain boundaries meet at a point, 
the angle between the grain edges 
is that of a regular tetrahedron. 
Metal grains most frequently have 
12 to 14 five-sided faces. 

Upsetting the metastable equi- 
librium in a polycrystalline aggre- 
gate can result in grain growth. The 
mechanism of grain growth in a 
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HARD-TO-MELT BRONZES SUCCESSFULLY HANDLED 


in 


AJAX INDUCTION FURNACES 


Brass and bronze foundries all over the country have found AJAX-TAMA-WYATT 
induction furnaces a reliable toc! for melting silicon bronzes, aluminum bronzes, leaded 
bronzes, phosphor bronzes, and other high strength alloys. Operation is highly economical 
due to the good uniformity of the alloys, low ratio of rejects, drastic reduction of metal 
losses, and clean operating conditions. This recent development opens the field for the use 
of AJAX induction furnaces in all foundries where difficult-to-melt alloys are handled. 


Cross section of AJAX-TAMA- 
WYATT twin coil induction fur- 
nace such as used at the Tor- 
rance Brass Foundry. Heat is 
produced within the molten 
metal in the secondary channels 
and conveyed throughout the 
melt by electromagnetic circula- 
tion, resulting in minimum 
metal losses and high uniformity 
of alloy. Temperature is auto- 
matically controlled. 


(Photograph courtesy of Long Beach Press-Telegram, Long Beach, Calif.) 


The furnace pictured above is melting alumi- centrifugal castings. This unit is rated 100 kw. 
num bronze at the Terrance Brass Foundry, Note also the clean, smokeless operation as 
Torrance, Cal., operating at a temperature of shown in the unretouched photograph. 

2400 F, for the production of high strength 


AJAK ELECTRIC CO., Tne Hultgren Sat Gath Furnace 
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» ° much new interfacial free energy is 
Grain Boundaries eee needed compared to precipitation 
inside a grain. It only occurs when 
system in which junction angles and diffusion is sufficiently rapid. When 
lines are not in equilibrium is by a second phase lies along grain 
rearrangement until the angles are boundaries in the parent phase, its 
pulled into equilibrium. This move- distribution along these boundaries 
ment introduces curvature into the depends on the relation between the 
boundaries which tend to straighten boundary energies. 
and thus minimize their area. When The precipitate particles within a 
neighboring junction points reach grain are often spherical because 
equilibrium, further change in the the boundary energy does not vary 
junction displaces the balance and much with the orientation of the 
migration occurs until a final bal- boundary itself. However, where 
ance is achieved. Grain growth, the crystal lattices of the parent and 
however, gradually slows down be- precipitating phases have crystallo- 
cause the driving force for migra- graphic planes with similar atomic 
tion diminishes, the hindering effect spacing, a low-energy boundary can 
of impurities increases as the curva- be formed. This can produce long 
ture decreases and because locking thin particles, disk-shaped in three 
mechanisms develop from structural dimensions. 
requirements, When the dihedral angle of a 
ment Consideration of the interaction metal-liquid system is close to zero, 
Equip © Cte. between grain-boundary energies the effect of temperature, composi- 
grt / és for two phases also provides a means tion or stress may become critical. 
P ‘ ® for rationalizing the microstructures The embrittlement of brass by mer- 
OCessin of two-phase alloys. Preferential cury is probably an example of the 
grain-boundary precipitation is due effect of stress on the dihedral angle. 
to the fact that only about half as L. L. Mansi 


HEAT- RESISTING For Fully Automatic, High Purity, Safe, Economical 


ALLOY. @ Furnace Brazing and 
Design Bright Annealing of Stainless Steel 


- Development 
*Fabrication 


Nitroneal 
MISCO Engineered 


BASKETS * TRAYS Gas 
RETORTS HOODS | Generator 


BOXES * MUFFLES «No OPERATING 


PERSONNEL REQUIRED 


coMPLETELY 


OXYGEN-FREE 


Pure nitrogen with controllable hydrogen 
SZ @ NO EXPLOSION HAZARD content that can be varied to meet 
EAPER THAN changing requirements and maintained 
M Cc AMMONIA between .25% and 25% is provided, at 
DESIGN FABRICATION low cost, by the Nitroneal Gas Generator 
and ‘ for use as material or for processing. 
toy Applications include: bright annealing, 
IT COSTS NO MORE! . heat treating and furnace brazing of 
stainless steel, low and high carbon steels 
and non-ferrous 
MISCO FABRICATORS, INC. 
Designers, Builders, Maing , 113 Astor St., Newark 5, WN. J. 
and Stavatess Stee/ : METALS NEW YORK + SAN FRANCISCO 


3564 TOLEDO AVENUE + DETROIT 16, MICHIGAN LOS ANGELES + CHICAGO 
TELEPHONE TASHMOO 5-8360 


(ANGCELHARO /NOUSTR/ES ) 
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Metal Progress 


The Buyers Guide 


For Metals Engineers 


Non- flammable 
Non-toxic 

Aqueous Oily Film 
Protects Ferrous Parts 
for Long Periods 
Indoor Storage 


Write for free sample and brochure 
Specify Grade ‘'C-W-25"' 
TODUCTION SPECIALTIES, INC 


755 BOYLSTON STREET 
BOSTON 16, MASS 


TOOLS OF SCIENCE are protected by electroplated rhodium 


from effects due to formidable temperature extremes — as encountered 
in application of nuclear developments to electronics, instrumentation, 
laboratory exploration, etc. Very hard (775-820 Vickers) and resistant 
to wear, rhodium is highly resistant to corrosion in all atmospheres and 
to corrosive agents including boiling Aqua Regia. Used as shielding or 
as surfacing, only a deposition of rhodium is needed to ward off such 
temperature-range effects as corrosion, disintegration, malfunctioning, 
shortened life, transmutation, Amount of protection can be precisely 
predetermined and accurately implemented because Technic method 
of electroplating positively controls amount of deposition. Technic, Inc., 
furnishes rhodium electroplating solutions; designs and installs equip- 
ment for electroplating rhodium with scientific control — Technic 
engineers stand by until performance is assured. Send us your problems. 
Write for indispensable data sheet —“Electroplated Rhodium” — 
describing physical and electrical properties, corrosion resistance, electro- 
plating specifications, etc. TECHNIC, INC., 39 Snow Street, Provi- 
dence, R. I. * Chicago Office — 7001 North Clark Street. 


Advertisement Advertuement Advertisement 


LIST NO 


116 ON INFO-COUPON PAGE 168 


Dept. 22° Moin Street 


LIST NO. 


METAL PROGRESS 


Sel-Rex Precious Metals, Inc. 


“Belleville 9, 


108 ON INFO-COUPON PAGE (68 


Precious Metal Processes 
FOR INDUSTRIAL APPLICATIONS 


Developed specifically for industrial application, Sel-Rex Pre- 
cious Metals offer many advantages over conventional proc- 
esses. One gram of Sel-Rex BRIGHT GOLD, for example, does 
the job of 2 grams of regular 24 K. gold, because the deposits 
are more dense and twice as hard. Gives mirror bright finish 
directly from the bath, regardless of thickness requirements — 
eliminates costly scratch brushing, buffing and burnishing. 


Sel-Rex BRIGHT RHODIUM meets the need of today's 
precise engineering applications with A. S. C. — Automatic 
Stress Compensation — a special technique which counteracts 
the high stress characteristics of conventional precious metal 
electroplates. Non dusting Sel-Rex Silver SOL-U-SALT is 
added directly to the plating bath, eliminating time consuming 
filtering or mixing — a cost cutting advantage exclusive 
with Sel-Rex. 
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CIRCO VAPOR DEGREASERS—large 
or small—automatic or manual oper- 
ation 

CiIRCO METAL PARTS WASHERS — 


custom engineered to suit your pro- 
duction needs 


CIRCO-SONIC DEGREASERS — "ew- 
est development—cleaning by ultra- 
EQUIPMENT COMPANY °°" 
119 Central Avenue, Clark (Rahway), N. J. ciRCO-SOLY (Trichlorethylene) and 
Offices and warehouses in principal cities pep coy (Perchlorethylene) — high 
purity, low-cost solvents 


FREE! Write for 32-page CIRCO Degreasing Manual 
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FABRICATED MONEL 
PICKLING EQUIPMENT 
¢ Hairpin Hooks * Sheet Crates 
Steam Jets Chain 
¢ Mechanical Bar, Tube and Coil Picklers 


THE YOUNGSTOWN WELDING & ENGINEERING CO. 


3721 OAKWOOD AVE. YOUNGSTOWN, OHIO 


LIST NO, 94 ON INFO-COUPON PAGE 168 


MANHATTAN 


Abrasive Wheels — Cut-off Wheels 
Finishing Wheels—Diamond Wheels 


Custom-made for your specific 
material removal problems 


Foundry Snagging—Billet 
Surfacing—Centeriess Grinding 


Cutting and Surfacing concrete 
granite, and marble 


“Moldises” for rotary sanders 
Grinding and Finishing 
stainless steel welds 
Bearing Race Grindiug 

and Finishing 
Finishing Tools and Cutlery 
Cutting-off—Wet or Dry Bars, Tub- 
ing, Structurals, etc. Foundry Cutting 
—standard and reinforced wheels 


Grinding Carbide Tipped Tools 
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ULTRASONIC CLEANING 


SONOGEN” 
Ultrasonic-Power Generators with hermetically- 
sealed barium-titanate Transducers 40Kec /sec 


Transducer Radiating Areas of “% sq. ft to 10 
sq. ft for use in solvents and detergents 


Eliminates hand operations 
in plating, finishing, assembly 


Reduces rejects 


For washing, degreasing, removal of buffing 
compounds, radioactive contamination, soldering 
flux, plaster, carbon smut, etc 


Literature upon request. 
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QUEQUS SYSTEM 


Grade "B" 


FERROUS 
METAL PROCESSING 


Eliminates . . . 
Rust 
Fire Hazards 
Toxicity 
Dermatitis 
Degreasing 


PRODUCTION SPECIALTIES, INC. 


755 BOYLSTON STREET 
BOSTON 16. MASS 
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Metal Cleaning Equipment CUTS cests 
Write te Wheel Depertment — 
. 
Typical Transducer Arrangements : | 
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A FULL LINE OF MIXERS 
For Your Quenching Operations 


Sturdy, dependable units for 

any size or shape, new or ex- 

isting quench tanks; for single 

or multiple installations. — 
PORTABLE — easy to 


mount, ond quickly od- 
justable to best, uniform 


agitation. Sizes 1/4 to OFFERS 


7% HP. 
FIXED—top-entering and 


ou can 
side-entering vunits for the most advanced 4 


Salt Bath Furnaces DEPEND ON 


FOR COMPLETE CATALOG WRITE TODAY BATCH to meet your 


specifications 


1104 Morris Street — Milldale, Connecticut CONVEY ORIZED Du-lite black oxide finishes for steel, 
LIST NO. 136 ON INFO-COUPON PAGE 168 stainless, copper, zinc or malleable iron 
provide a uniform, durable surface 
without altering the dimensions or physi- 


ALUMINUM cal characteristics of the metal. That's 
why they are often specified right on 


And since the Du-Lite process is simple, 


flexible, and imposed at non-critical tem- 
tinuin 
Se Qu EN Zz IN E sto RY with continu 9 peratures, you can depend on the results 
i 
on graphite electrodes to meet your specifications—always. 
quenched in Beacon Du-Lite black oxide finishes also meet 
Quenching Oils with govt. specs. MIL-F-13924, superseding 
ed 
Ser tiuaaien os See us at 57-0-2C Type Ili Class A for steel and 
this new additive and Class B for stainless (Type Il Class B and 
— = — Booth No. 1509 C phosphates), and MiL-P-12011, super- 
pounds write to... seding 51-70-1A para, 22.03 Class C 
National Metal Show for Copper cnd Copper Alloys. 
Whotever your metal cleaning or finish- 
ing problem, consult— 


UPTON ELECTRIC FURNACE CO. 
ALDRIDGE Du-Lite 4 


INDUSTRIAL OILS, Inc. Phone: Diamond 1-2520 DU-LITE CHEMICAL ‘CORP. 


MIDDLETOWN, CONN 
W. 140th Cleveland 11, Obie 


LIST NO. 29 ON INFO-COUPON PAGE 168 LIST NO. 20 ON INFO-COUPON PAGE 168 LIST NO. 103 ON INFO-COUPON PAGE is 


There is « Stanwood Man near you for con- 

sultation without obligation when you have 

problems involving equipment for handling parts through 

heat treating, quenching, pickling, degreasing or similar processes. For « gen- 

eration we have specialized in the design and construction of baskets, trays, fixtures, hangers, 

carburizing boxes, retorts and furnace parts. You can profit by our experience. Let us put 
you in touch with your Stanwood Man. 


CHICAGO 39. ILLINOIS 
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Your Stanwood EAT TREATING CONTAINE 
CARBURIZING BASKETS FIXTURES TRAYS QUENCH TANKS WETORTS 
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for de-greasing — pickling 
anodizing — plating 
materials handling 
small-parts storage 

of any size and shape — 
any ductile metal 

by 

THE C. O. 


JELLI 
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BASKETS 


for all 
industrial 
requirements 


MFG. CORP. 
28 Pequot Road 
Southport, Conn. 


HEAT TREATING 
FURNACES 


Every Hie Treating 
Process 
* 
CONTROLLED 
ATMOSPHERES 
* 


DIRECT FIRED 
* 


 WIRETEX 
Pit Furnace 
ASSEMBLY 


cuts treating time 50% 


Specialists in cmenee corriers since 1932 


MUFFLES 
lowers labor costs 66% © Screens 
RETORTs 
of dollars = materials int and replaceme nts. RES 
be +. can do the same for you—it'll pay heat, 
to investigate ure *Pos- 


5 Mason St., 
Bridgeport 5, Conn 


weave, 
alloy. and 
*Actual case history story, photos and WIRETEX catalog, free for asking. Write today! 


Cali Wiretey 
* BASKeTs 
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CIRC-AIR DRAW 
FURNACES 
* 
CIRC-AIR NICARB 


(CARBONITRIDING) 
<= » 


Specially Engineered 
for 
Your Particular Needs 


GAS OIL © ELECTRIC 
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DETROIT, MICH 


(BRoadwoy $405) 
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LESS SUPERVISION.. 


WHATEVER YOUR HEAT TREATING PROBLEM MAY BE 


. . there is a helpful Holden brochure that provides engineering 
data and assistance for you. Let us send the booklets that relate to 
your operations — without obligation, of course. Bulletin 200 covers 
Salt Baths; 201—Pot Furnaces; 203—Cleaning and Descaling; 
204 —Pressure Nitriding Process; 205 —ladustrial Furnaces and 
New Luminous Wall Firing; 206—Austempering and Martempering. - 


HOLDEN METALLURGICAL PRODUCTS GIVE 
YOU MORE FOR YOUR MONEY... REQUIRE 
» HAVE PROVEN PER- 
FORMANCE AND PROVEN GUARANTEES... 


THE A. F. HOLDEN COMPANY 
MANUFACTURING PLANTS 


(LUdiow 1.9153) 


(STote 7.58685) 


SWIFT CASE 560 
LIQUID CARBURIZER 


FOR...A tougher, more dur- 
able case 


..» Fast, free washing 
++ Maximum versatility 


Completely water soluble—free washing 
even after oil quenching—higher hard 
ness with maximum foughness and surpris- 


ing production economy! 


Send today for technical data sheets 
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2 
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| 
widine 
i industrial Furnaces 
Weil Piring 
4 
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BARBER 


Impressor 


for quick, on-the-spot hardness 
of non-ferrous metals and plastics 


Simple to operate . . . gives an instant, depend- 
able measure of hardness. Operates on principle 
of forcing a spring-loaded indenter into the sur- 
face with the amount of penetration registering 
on a dial indicator. Can be used in any position 

. tamperproof compact... rugged, yer 
weighs only 12 oz. Thousands used by industry. 
Write today for complete details 


Barber-Colman Cc 
Dept. G, 1218 Rock St., Rockford, inois 
LIST NO. 56 ON INFO-C JPON PAGE 168 


Applies 1 to 10,000 gram loads 
Write for Bulletin 
Kent Cliff Laboratories Div. 
The Torsion Balance Company 
CLIFTON NEW JERSEY 


LIST NO. 53 ON INFO-COUPON PAGE 168 


two thousend sotisfied users 
WILL TESTIFY YOU 


SAVE 3 WAYS 
WITH A LUCIFER FURNACE 


1—Save on First Cost 


CHECK THESE PRICES 
Furnace Size 2000 2300 
6x 6x12" $ 500.00 $ 600.00 
ox Ox 750.00 650.00 
12x24" 1000.00 1100.00 
18x 18x36" 1500 00 1600.00 
Complete with automatic 
electronic controls. 


2—Save on Man Hours 


Less operator attention needed—Lucifer controls 
are EXACT. They reach SPECIFIED heat rapidly 
and retain SPECIFIED temperature without varia- 
tion. Neo special experience required when you use 
a Lucifer Furnace 


3—Save on Maintenance 
Finest refractory materials are built inte Lucifer 
Furnaces for better, more efficient heat retention 
Elements are guaranteed, tong lived, trouble free, 
WRITE FOR FREE LITERATURE, specifications 
- rice list of Lucifer Furnaces in wide range 
sizes—top loading and side loading 
San advice without obligation. 
wire or phone tode 
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dyna 


FIRING 
CHAMBER 
(H.WD) 


cm 

x18" | 
16°18" 


ELECTRIC FURNACES 


MODEL P2472-1 


SOLVED with 


MAGNETIC ANALYSIS 
MULTI-METHOD EQUIPMENT 

Electronic Equipment for non-destruc- 
tive producti tion of steel bars, 
wire rod, ond tubing for mechanical 
faults, veriati in iti and 
physical properties. Average inspection 
speed 120 ft. per minute. 

Over 80 installations in steel mills 
ond fabricating plants. 


MAGNETIC ANALYSIS 
SPECIAL EQUIPMENT 


Electronic Equipment for non-destruc- 
tive production inspection of both neon- 
magnetic stainless and high temperature 
steel! bers and tubing—seamless or 
welded — as well as non-ferrous bars and 
tubing. Mechanical faults, variations in 
composition and physical properties are 
detected simultaneously. Average 
inspection speed 200 ft. per minute. 

Over 30 installations in mills and 
fabricating plants. 


MAGNETIC ANALYSIS 
COMPARATORS AND METAL TESTERS 


Electronic Instruments for production 
sorting both ferrous and non-ferrous 
materials and parts for variation in 
composition, structure ond thickness of 
sheet and plating. 


MAGNETIC ANALYSIS 
DEMAGNETIZERS 


Electrical Equipment for rapid and 
efficient demagnetizing of steel bers 
and tubing. When used with Magnetic 
Analysis Multi-Method Equipment, in- 
spection and demagnetizing can be 
done in a single operation 


MAGNETIC ANALYSIS 


Infinite zone tem- @ Potented element 
perature control holders 
Zone temperature in- @ infinite variety of 
dication by Pyrometer time temperature 
Selector Switch curves obtainable 

@ Automatic held and @ Rugged construction 
cut-off instrument Highest quolity insu 
available lotion used 


OVER 40 STANDARD MODELS * WRITE FOR LITERATURE 


Ih INDUSTRIAL DIVISION 
MODEL P-79 


MANUFACTURING CO, 
LIST NO. 138 ON INFO-COUPON PAGE 168 


MAGNETISM DETECTORS 


inexpensive pocket meters for indi- 
cating residual magnetism in ferrous 
materials ond parts. 


For Details Write: 

MAGNETIC ANALYSIS CORP. 

47-44 Twellth Long island City 1, Y. 
“THE TEST TELLS” 


CHESTER 77, PA. 
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$90.00 | $110.06 
~ $205.00 | $2775.00 
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Pal $575.00 | $603.25 oly 
Pi? | $870.75 
Pel $775 060 | $887.50 
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Phone: MOntrose 2-6100 


Automatic Welding . . . 


Miles, Avenve 


in providing the correct— 
Stainless and Heat Resistant Arc Welding Electrodes 


MAURATH, INC. 


—place a trusted guarantee back of your welding operations. 


Call Mr. Electrode. . 


Ask the Man Who KNOWS Stainless Wel 


Get these important 


FIELD REPORTS 


on Metalworking Lubrication with 


MOLYKOTE® LUBRICANTS 


...@ “MUST” in every metalwork- 
ing shop and design department 


- hundreds of case histories from 
customer files .. . prepared especial- 
ly for the metalworking industry . . . 
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Also investigate Morehouse Ring MOREHOUSE MACHINE COMPANY 


Dynamometers, Weighing and “World Leader in Precision Calibration” 
Calibrating Systems. 233 West Market Street * York, Pennsylvania 


HOW OFTEN SHOULD TESTING 
EQUIPMENT BE CALIBRATED? 


. . frequently, to maintain true dependa- 
bility. To achieve the ultimate in reliability, 
many manufacturers insist on periodic check - 
ing with Morehouse Proving Rings. 


These precision instruments are sensitive to 
within .00001 inch... keep your equipment 
at “razor edge” accuracy. Their calibrating 
range is from 50 to 300,000 Ibs. Certified 
by the National Bureau of Standards. Write 
for new, illustrated brochure. 
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A CABLE SPLICED 
IN 10 seconps! 


ERICO PRODUCTS, INC. 
Complete Arc Welding Accessories 


2070 E. 61st Place, Cleveland 3, Ohio 


LIST NO, 71 ON INFO-COUPON PAGE 168 LIST NO. 74 ON INFO-COUPON PAGE 168 


GET A BID FROM 


HOOVER 


SPECIALISTS IN THE FIELD OF 


Die Castings 
SINCE 1922 
Aluminum and Zinc 


@) THE HOOVER COMPANY 
Die Castings Division 
North Canton, Ohio 


Write for Caddy Catalog 
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-send for them today. 
‘ THE ALPHA MOLYKOTE CORPORATION 
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HARDNESS TESTING 
SHORE SCLEROSCOPE metar IN 


SAVE 
TIME and 
TROUBLE 


“e Makes all these BRINELL 
Pi A i 


| 
1907 VICKERS | 
Available in Model C-2 TESTS - Eliminate the Tedious 


(illustrated), or Model Microscopic Measurements 
D dial indicating with ‘ of the Indentations 
equivalent Brinell & 


te Use Gries REF 
Numbers. May be used ; \ Zeiss Automatic Pro- 
jection System 


INVESTIGATE 
OVER 40,000 Write for Bulletin We. A.14 


IN USE st 
shan GRIES INDUSTRIES, INC. 
SHORE INSTRUMENT & MFG. CO., INC. ailer of mame capacity. Testing Machines Division 
90-35M Von Wyck Exp., Jamoica 35, N.Y. NEW ROCHELLE 3, NY 


freehand or mounted on 
bench clamp. 
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THICKNESS TESTER 


Patent Pending - ACCURATE 
Accurate tensile specimens machined PORTABLE 


from .002”-.125” ferrous & non fer- er 
rous sheet in less than three minutes! .2. COMPACT 
DIRECT 
ninum RIGIT READING 
Aade Rigidity 


RIGID-tex Metal can 
make your product better 
too! This new catalog tells 
how. Copy mailed free. 


For Metals on Metals 
Non-Conducters on Metals 
Metals on Non-Conductors 


» bras copper n vine, meta 
See Sweet's Design File 1a/Ri patios, paint on metals without 
or write for information 


write FOR FULL INFORMATION 


ih UNIT PROCESS 


TENSILMARK for rapid and accurate scribing 
of gauge morks on specimens. 


SIEBURG INDUSTRIES 


HORSE PLAIN ROAD © WEW BRITAIN, CONN. 
LIST NO. 131 ON INFO-COUPON PAGE 168 LIST NO. 64 ON INFO-COUPON PAGE 168 LIST NO. 137 ON INFO-COUPON PAGE 168 


Representatives iti 


ASSEMBLIES, INC. 


6! East Fourth Street @ New York 3, 


New Bondable 
Teflon and Rulon 
in tape, film, other forms 


. Be Most people thought Teflon and Rulon could never be strongly 
re en bonded or cemented to other materials. No solvents affect them — 
_ SHAPES no common chemicals attack them they are extremely slippery 


and non-adhesive. 
Reduce your assembly problems and costs. 


Our shapes continuously formed, with high But Dixon is now supplying Bondable Teflon and Rulon and in thin 
ym ad ae eae 1033. strips and film that may greatly reduce your costs, 
Write for 8 page bulletin 


‘*Dupont’s tetrafluoroethylene resin 


DIXON Corporation 


BRISTOL 2, RHODE ISLAND 
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3761 OAKWOOD AVE. + YOUNGSTOWN, OHIO 
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WRITE, WIRE or PHONE 
FOR YOUR CATALOG 


Scots 


Star Stainiess 
screws have 
bright ehiny heads 


STAINLESS screw co. 
9 mmm 47 Union Bivd., Paterson 2, N. J 


=Telephone: Little Falls 4-2300 
me Direct NEW YORK ‘phone WI 7-904! 


clean 


LIST NO. 979 ON INFO-COUPON BELOW 


WHITELIGHT 


your comprehensive independent 
mill source of magnesium alloy 
Tubes © Rods * Shapes * Bars 
Holiow Extrusions © Pilate © Sheet 
Pipe Wire Welded and 
Riveted structures and assemblies 


WHITE METAL ROLLING 


& STAMPING CORP. 
82 Moultrie St., Brooklyn 22, N. Y. 
Sales Office 
376 Lafayette St., New York 3, N. Y. 


LIST NO, 67 ON INFO.COUPON BELOW 


A PROVEN 
DEPENDABLE SOURCE 


FOR BETTER GRADE INVESTMENT 


CASTINGS IN FERROUS AND 
NON-FERROUS METALS 


INVAR 
CASTING 
Special Feature 
— Nickel content 
held to 35% min- 
imum — 36% 


maximum 
STAINLESS STEEL PART for milk 
bottling unit formerly machined 
from solid stock. 
Only finish oper- 
ations required 
ore reaming small 
dia. of counter. 
bored hole and 
drilling and tap- 
ping for set screw. 


READERS’ INFO-COUPON SERVICE, METAL PROGRESS 
7301 Euclid Avenue, Cleveland 3, Ohio 


Please send further information, as checked at the right, on the advertisements in the 
Bulletin Board with numbers | have listed below— 


| 
| 
| 
| 
| 
| 
| (Bulletin Board Item Number) 
| 
| 
| 
| 
| 
| 
| 


1 

Send Catalog Send Nearest 
or Engineer- Price Source of 

ing Data Info Supply l 

O CJ 

CJ | 

Tit 

Zene State 


(Please check) 


The 1955 Supplement to 
the Metals Handbook 


@ 200 Large Pages 
@ 214 Tables 
@ 256 Charts 
@ 411 Mlustrations 


Order now a copy of the clothbound 
1955 Supplement to increase the use- 
fulness Yi your ASM Metals Hand- 
book. The Supplement gives an au- 
thoritative survey of facts on these 
subjects: 


Sheet Steel 

Press Forming Dies 

Gray Cast Iron 

Stainless Steel 

Aluminum Alloy Castings 
Closed-Die Forgings 

Helical Steel Springs 

Surface Finish 

Residual Stresses 
Electroplated Coatings 
Induction Hardening 

Flame Hardening 

Gas Carburizing 

Control of Surface Carbon 
Heat Treating of Tool Steel 
Manual Arc Welding 

Metal Cleaning Costs 

Creep and Creep-Rupture Tests 
Radiography of Metals 
Macro-Etching of Iron & Steel 


Each article gives a comprehensive 
coverage of its subject, with informa- 
tion limited to essential facts. This 
authoritative survey was prepared by 
19 ASM technical committees com- 
— 179 outstanding engineers. For 
complete details of contents, see 
August 15, 1955, issue of Metal Prog- 
ress, which contains the articles being 
offered in this clothbound edition. 
Price is $4.00 to ASM members, 
$6.00 to nonmembers. 


American Society for Metals 
Room 790, 7325 Euclid Ave. 
Cleveland 3, Ohio 


Please rush me the 1955 Supplement to the Metals 
Handbook. 


_ Zone State 
Check enciosed () Bilt me Bill my company 
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The Ipsen CARBOTRONIK carbon controller 
automatically coordinates furnace temperature and 
dew point to continuously provide any desired 
carbon potential from 0.20% to 1.25%. Enriching 
gas additions are made at the furnace and accuracy 
is + 0.02% carbon over a range of 1400° F to 
2000° F 

Dew points are measured every 5 seconds by 
a voltage type element. This sensing element is 
unaffected by ammonia or any other atmosphere 
gas and it does not require calibration. The oper- 
ator merely sets the selector to desired carbon con- 
tent and any furnace temperature changes are 
compensated for automatically. 


‘the CARBOTRON!\ is 
self-contained unit 
aod con be ploced ct 
ary distance from ihe 
fwenace or generctor 
heing controiied. tt 
records and indicotes 
ilirectly in percent 
carbon. 


avremanc 


IPSEN INDUSTRIES, INC. ° sen 


717 South Main Street, Rockford, IMinois MEAT TREATING UNITS 


| | 45] 
- Completely Automatic 
= Carbon Controls 
= Regardiess|ot 
- lemperature Change 
igi 


“WESTINGHOUSE | 


Links temperature control with 
ten times longer life 


With Westinghouse Magamp* magnetic amplifiers you can assure extraordinary 
predictable life for the critical job of amplifying temperature control signals; 
plus the fact that Magamp controls bring significant dollar savings. 

Actually, these link units are rated for at least 20 years of stable, trouble-free 
service, They are unaffected by heat, dirt or corrosive atmospheres and have no 
moving parts to stick or jam. In standard panel assemblies, you can apply Magamps 
for control on industrial furnaces regardless of size. 

In most cases, Magamp link units offer first cost savings of up to 50% over con- 
ventional controls, You'll see lower lifetime costs, too, since Magamp eliminates 
replacement and maintenance expense of conventional electronic controls. 

Further facts, ratings, and application data for standard Magamp link units 
are yours in a free Facts Folder. Contact your local Westinghouse sales engineer, 
or write: Westinghouse Electric Corporation, 3 Gateway Center, P. O. Box 868, 


Pittsburgh 30, Pennsylvania. *Trade-Mark 
J-01006 


WATCH WESTINGHOUSE! 


WHERE BIG THINGS ARE HAPPENING TODAY! 
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PRANK HOLT, metoal- 
treating specialist, gave 
the expert advice which 
helped Lukens to im- 
prove production and 
lower costs, He's one of 
the team of specialists 
that help Du Pont cus- 
tomers solve common 
and uncommon prob- 
lems. These men have 
the practical experi- 
ence and training to 


handle metal descaling 
problems. Why not call 
the specialist nearest 
your plant? Just phone 
or write the Du Pont 
office nearest you. 
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How Lukens Steel cut cost of 


descaling stainless 
On-the-job study led to use of carbon cover and many economies 


Lukens Steel Company, Coatesville, Pa., 
has the world’s largest sodium hydride 
descaling installation. The bath handles 
unit loads of from 12 to 15 tons of clad 
and stainless-steel plate, in sizes up to 
450” x 190”. 


The Lukens installation has been oper- 
ating since 1947. From the start, the clean, 
bright, smooth surfaces of the treated plate 
showed up as strong selling points for their 
stainless. The surface on this plate par- 
ticularly pleased fabricators of equipment 
for the food and chemical industry. Lukens 
was getting quality descaling at reason- 
able cost, but Du Pont’s technical service 
thought that this could be improved. An 
on-the-job study indicated that a char- 
coal cover would save money. Lukens took 
the advice of the Du Pont descaling spe- 
cialist, and adopted the procedure. A much 


SODIUM HYDRIDE PROCESS FOR POSITIVE DESCALING 


higher hydride content was obtained; so- 
dium and ammonia consumption dropped 
40%. The cover produced a more uniform 
bath temperature with lower heat losses, 
and consequent savings in power. 


This assistance is typical of Du Pont 
service. Experienced men are available to 
help in installation and efficient operation. 
This service doesn’t end when the Du Pont 
process or product goes into use. It’s there 
—at all times—when you can use it or 
need it. E. I. du Pont de Nemours & Co. 
(Ine.), Electrochemicals Dept., Wilming- 
ton 98, Delaware. 


rat orf 


BETTER THINGS FOR BETTER LIVING 
. THROUGH CHEMISTRY 
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Du Pont District Offices: Balti 
more, Boston, Charlotte, Chicago. 
Les Angeles, New York, Phile- 
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Nichrome*, the famous alloy 
whose spectrogram you see here, 
is as truly a masterpiece as any 
Rembrandt or DaVinci hanging 
in the galleries—and for largely 
the same reason. 

For the principal elements in 
Nichrome, anyone can combine. 


What gives Nichrome its unap- 
proachable superiority over all 
OF v2.1 other heat-resistance alloys, is the 
truly personal elements that go 
into its making—the all-impor- 


tant, highly specialized skills of 
the Driver-Harris technicians. 
Step-by-step from melting 
through every processing opera- 
tion, from furnace to finished 
spools of wire (some drawn as 
fine as .0005 dia.) exacting metal- 
lurgical controls and checks 


operate to assure the peerless and 

enduring qualitites of Nichrome. 

research that have established 

Nichrome as the time-tested 

standard by which all similar 
alloys are measured. 


Yes, there is only one Nichrome, 
and it is made only by Driver- 
Harris. 

And in recognition of its unique 
properties, the United States 
Patent Office in August, 1908, 
granted solely and exclusively to 
us the trade-mark NICHROME, 


*T, Reg. Pat, Off, 


Driver- 
Harris: 


COMPANY 
HARRISON, NEW JERSEY 


BRANCHES, Chicago, Detroit 
Cleveland, Lovisville, Los Angeles 


Son francisco itn Canoeda 
The 6. GREENING WIRE COMPANY, 
lid., Hamilton, Ontario 


MAKERS OF THE MOST COMPLETE 
LINE OF ELECTRIC HEATING, 
RESISTANCE, AND ELECTRONIC 
ALLOYS IN THE WORLD 
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MALLORY:- SHARON 


reports on 


Now 
TITANIUM 


ALLOYS 
can be machined 

in “soft” condition 

TREATED TO 
HIGH 
STRENGTHS 


“PHYSICAL METALLURGY AND HEAT 
TREATMENT OF TITANIUM ALLOYS" 


This authoritative 60-page book published by 
Mallory-Sharon defines and clarifies titanium 
alloy heat treatment and recommended prac- 
tices, Data is based on an investigation carried 
out under Navy contract at the Mallory-Sharon 
Research Laboratory. Price $1 each; order 
copies from Mallory-Sharon Titanium Corp., 
Dept. F-7, Niles, Ohio. 
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@ New heat treatable titanium 
alloys can be machined and 
formed readily, yet offer excep- 
tionally high heat treated 
strengths in final form. And 
titanium has the highest 
strength-to-weight ratio of any 
metal in the temperature range 
of 250°-800°F. 


For example, Mallory-Sharon’s 
MST-6AI-4V titanium alloy is 
available in the annealed con- 
dition with typical ultimate 
tensile strengths of 140,000 psi. 


MALLORY 


Here machineability is com- 
parable to that of stainless steel. 
After machining, parts can be 


heat treated to typical ultimate 
tensile strength of 185,000 psi. 


This is another example of the 
rapid development of titanium 
—in which Mallory-Sharon has 
played a leading role. Call us 
for the full range of titanium 
and titanium alloy mill prod- 
ucts, and for engineering as- 
sistance in fabrication and 
application. 


MALLORY-SHARON TITANIUM CORPORATION, NILES. OHIO 


SHARON 
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You re known by the 
Company you keep... 


and the impressive list of companies 
who use ACCOLOY Heat and 
Corrosion Resistant Castings 

and keep records of their 

long service life is a very 
convincing reason why 
these castings are Pate 


"preferred by 
industry”. 


ALLOY ENGINEERING & CASTING COMPANY 


ALLOY CASTING CO. (Div.) 
CHAMPAIGN ® ILLINOIS 


i 
A 
| 
WEAT RESISTANT CASTINGS 
C CO _ 
EEE: 
ENGINEERS AND PRODUCERS OF HEAT’A 
NOC 
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Official U. 8. Navy Photograph 


Supersonic tracker of enemy planes 


Now guarding our coast, U. S. Navy's new guided missile 
has vital parts of Youngstown Alloy Sheets 


Compining metallurgical skills 
of steelmaking with modern 
marvels of electronics, Terrier 
Guided Missiles are capable of 
destroying hostile targets at 
long range with great accuracy. 
The Youngstown Sheet and Tube 
Company is proud of partic- 
ipating in the production of high 


quality steel used in these new 
weapons for our naval forces. 
The booster and sustaining 
mechanism of the Terrier are 
fabricated of Youngstown Air- 
craft Quality Alloy Steel Sheets 
by the Hicks Corporation. 
Youngstown Alloy Steels are 
produced in a variety of forms 


and qualities to meet customers’ 
specifications. Every ton is sub- 
ject to a close quality control 
which insures uniform chemical 
composition and mechanical 

roperties. 

henever you have require- 
ments for steel, consider Youngs- 
town Carbon Alloy or Yoloy— 
sheets, bars, plates or pipe. 


THE YOUNGSTOWN SHEET 
AND TUBE COMPANY 
Manufacturers of 
Carbon, Alloy and Yoloy Steel 
General Offices - 


Youngstown, Ohio 
Export Office-500 Fifth Ave., New York 
District Sales Offices in Principal Cities 


SHEETS - STRIP - PLATES - STANDARD PIPE - LINE PIPE - OIL COUNTRY TUBULAR GOODS - CONDUIT AND EMT - 
MECHANICAL TUBING - COLD FINISHED BARS - HOT ROLLED BARS - WIRE - HOT ROLLED RODS - COKE 
TIN PLATE ~- ELECTROLYTIC TIN PLATE - BLACK PLATE - RAILROAD TRACK SPIKES - MINE ROOF BOLTS 
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DUCTION 


Subject at hand . 


INDUCTION HEATING EQUIPMENT 
High Dual Low 


Your induction heating specs receive full 


attention here. These engineers are specialists 
in induction heating equipment. Some are 
mechanical men . . . others are electrical. To- 
gether, they can design the simplest or most 
complex induction heating equipment, low or 
high frequency. 

Magnethermic’s personnel know heat-treat- 
ing, hot working and joining. They know forg- 
ing and brazing. Induction heating is our only 
business. 

Magnethermic is the company that answered 
the need of the aluminum industry back in the 


‘40s for an extrusion billet heater. Now, Magne- 
thermic’'s expanded organization applies its 
experience to a full range of induction heating 
equipment ... low, dual or high frequency, 
backed up by complete manufacturing facilities. 

A specialist is a good place to place an in- 
quiry. Your inquiry will receive intelligent 


attention. Induction heating is Magnethermic's 
only business. 


Caterpillar Tractor Co. Metallurgist T. H. Spencer inspects Caterpillar Tractor Co. found that simply by increasing the 
final drive pinion for D9 crawler tractor weighing 28 tons. molybdenum content of AISI 8622 (to 0.30-0.40%), the 
Severe loading of this large pinion requires a steel with desired properties were obtained at lower cost than was 
high case and core hardenability. Several years ago possible in any of the standard carburizing grades. 


Caterpillar Tractor Co. improves case and core hardenability 
of carburizing steel by increasing molybdenum content 


“Drive pinions in tractors must take very high torque loads,” says 
T. H. Spencer, Metallurgist for Caterpillar Tractor Co. “AIS! 8622 
steel, which we had been using, couldn't give us the hard case 
and strong, tough core we needed in these heavy sections. Other 
standard carburizing steels with the requisite properties would 
have cost substantially more. We found, however, that we could 
achieve the desired surface and core properties by simply modify- 
ing AIS! 8622 with a higher percentage of molybdenum. We have 
been using this composition for several years, and results have 
been excellent.” 


Caterpillar Tractor Co.'s experience shows 
how increasing molybdenum in a carburiz- 
ing steel helped to solve a specific problem. 
Perhaps your product, too, can benefit by 
higher molybdenum content. 

A technical article, “New Carburizing 
Steels for Critical Gearing”, describes some 
recent investigations of higher-moly carbu- 
rizing steels. For a reprint, write Climax 
Molybdenum Company, Dept. 5, 500 Fifth 
Avenue, New York 36, N. Y. 


@ High case hordness 
@ Wide choice of 
hardenability 


@ Easy to heat treat 
MOLYBDENUM Low distortion 
@ Good mochinability 


@ Good wear 
resistance 


| 
= 
= Use the 
Moly Key 
steels 


YOUR PROGRESS . .. 


MILLING NIPPLE THREADS — is a factor! 


Finishing operations on GLC electrodes, anodes and 
mold stock are performed with the utmost precision. A strict 
system of gaging and inspection is required at this stage. 


The craftsmanlike spirit of our milling, machining and 
inspection personnel is a distinctive plus factor in the effici- 
ency of GLC carbon and graphite products. 


The high degree of integration between discoveries in 
our research laboratories, refinements in processing raw 
materials, and improved manufacturing techniques is further 
assurance of excellent product performance. 


ELECTRODE 


® 


Diviston 


Great Lakes Carbon 


GRAPHITE ELECTRODES. ANODES, MOLDS and SPECIALTIES | 


ADMINISTRATIVE OFFICE: 18 Eost 48th Street, New York 17, N.Y. PLANTS: Niogora Falls, N. ¥., Morganton, N. C, OTHER OFFICES: Niagoro Falls, N.Y. 
Ook Pork, ill., Pittsburgh, Pa. SALES AGENTS: J. B. Hayes Compony, Birminghom, Ala., George O. O’Hora, Wilmington, Cal. SALES AGENTS IN OTHER 
COUNTRIES: Great Northern Carbon & Chemical Co., Ltd., Montreal, Canada; Great Eastern Carbon & Chemical Co., inc., Chiyoda-Ku, Tokyo, Jopan 
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NOW! from the world’s largest 


SEAMLESS 


HEAVY 
WALL 
PIPE 


from any ferrous alloy 


Now heavy wall pipe can be extruded from any 
ferrous alloy — in lengths up to 50 feet or more, 
with O.D.’s from 4” to 22”, and with virtually 
no restriction on wall thickness. 


The giant Curtiss-Wright horizontal extrusion 
press, now operating at the Metals Processing Di- 
vision, moves the metal instead of removing it, for 
pipe of maximum length — and strength. 


If your application calls for higher heat, cor- 
rosion and/or abrasion resistance — in pipe of 
highest tensile and yield strengths — Metals Proc- 
essing Division is geared to fill the requirement. 
Complete facilities for handling any ferrous alloy, 
including the stainless series, as well as titanium 
and other reactive metals, are available to the 
chemical, petroleum, power and other key in- 
dustries. 


Take advantage of this new, aggressive facility 
for your pipe requirements. Write, wire or tele- 
phone for detailed information or engineering con- 
sultation today. Our field engineers are at your 
service. 


METALS * PROCESSING DIVISION 


CORPORATION © BUFFALO, NEW YORK 


METAL PROGRESS 
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Crankshaft Machine Company 
uses La Salle’s 


STEEL BARS 


to replace heat-treated alloy 
© 140-150,000 PSI TENSILE 
MACHINES 50-100% FASTER 


This $60,000 machine uses FATIGUE-PROOF for a vital part. 
The rack that actuates the loading mechanism formerly was heat- 
treated alloy and is now FATIGUE-PROOF. 


This is an automatic crankshaft turning machine that operates 
in automotive production lines. It must run dependably, The 
engine line can’t wait for machine repairs. 


The rack itself is intricate and machining it was a problem, 
FATIGUE-PROOF solved that, and it did so at no risk to the machine! 
FATIGUE-PROOF is specified in this auto- If you are producing parts requiring tensile strengths in the 
mated turning machine manufactured by Crank- 140,000 to 150,000 p.s.i. range .. if you are interested in a 
shaft Machine Company, Jackson, Michigan. steel bar that has this strength without heat treating . . if you 
want to trim production costs with a bar that machines faster (25% 
faster than annealed alloys, 50% to 100% faster than heat-treated 
alloys) .. if you want to eliminate the cost and inconvenience of 
heat treating, we invite you to send us a blueprint or detailed 
description of your application or, better yet, pick up your telephone 
and call your nearest La Salle Sales Engineer. 
TEST FATIGUE-PROOF! If it appears that FATIGUE-PROOF 
can help improve the quality of your product or cut your 
Ask for your copy of this 20-page booklet 4 7 
which gives detolled information on the remorkable new production costs, your La Salle Sales Engineer will be glad to 
FATIGUE-PROOF .. 29 pictures, tables, chorts, furnish you with a sample bar for testing in your own plant. 


LA SALLE STEEL CO. 


1424 150th Street 
Hammond, Indiana 


Please send me your “FATIGUE-PROOFP” Bulletin. 


La Salle STEEL CO. 


1424 150TH STREET, HAMMOND, INDIANA 


Manufacturers of America’s Most Complete Line 
of Quality Cold-Finished Stee! Bars 
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how “Zinc 
Controls Corrosion’ 


Corrosion turns many thousands of tons of useful steel to scrap 
every single year. How this destructive action of the elements on 
steel can be delayed, minimized and controlled — thus avoiding 
mounting replacement and maintenance costs — is the subject of 
a new 16 mm. color and sound movie just released by the Amer- 
ican Zine Institute. In its 35 minutes of running time, “Zinc 
Controls Corrosion” presents a colorful demonstration of the 
general mechanism of corrosion as well as how zinc controls it. 


The film uses the techniques of animation to show that, fun- 
damentally, corrosion is the result of electrochemical action 
between dissimilar metals or different areas of the same metal. 
It explains how a galvanic cell is set up between dissimilar areas, 
or metals, causing the destruction of one of them and the pro- 
tection of the other, While zinc has a high degree of corrosion 
resistance, and forms an effective and durable barrier between 
the steel and the elements, the film graphically illustrates that it 
is the sacrificial property of zinc in the presence of iron which 
is the key to the excellent protection which it affords vulnerable 
iron and steel products. Since the type of structure or product 
into which the steel is to go, and the kind of corrosive environ- 
ment encountered, dictates the method of using zinc as a pro- 
tective metal, the film also shows how steel is coated with zinc 
by means of galvanizing, electrogalvanizing, spraying, painting, 
metallizing, sherardizing, and how it is protected cathodically 
by zinc anodes, 

Last, but not least, “Zinc Controls Corrosion” provides a 
fascinating insight relative to the many reasons why (a) nearly 
one-half of all the zinc consumed annually in the U.S. is used 
for the protection of iron and steel products and (b) that no 
program aimed at corrosion control can be fully effective without 
considering zinc — the protective metal. 


ST. JOSEPH LEAD CO., 250 Park Ave., New York 17 


above: Exit section of continuous galvanizing line. The 
sheet steel emerges from zinc melting pot. 


right: This scene from the film shows the galvanizing of 
hot water tanks in a bath of molten zine. 


How to book “ZINC CONTROLS CORROSION” 


The film is available for showing — at no charge — 
before agricultural, industrial, technical and educa- 
tional groups. Prints can be borrowed from the 
American Zine Institute, Inc., 60 East 42nd St., 
New York 17, N. Y. Booking forms can be had on 
request, 
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INTRODUCED TO THIS COUNTRY in 1906 by the Halcomb Steel Company, the 
original American steelmaking furnace is now enshrined in a park on 
the grounds of Crucible Steel Company's Sanderson-Halcomb Works, 
yy N. Y. Installed and operated under the personal supervision 
of its inventor, the celebrated French scientist, Paul Louis Heroult, 


it was a three-ton, single-phase unit and the prototype of the modern 
Heroult electric furnace. 


Method making 


Quality 


The little Heroult shown above was the first elec- 
tric melting furnace ever used in this country. 
Imported from France in 1906, it signalled the be- 
ginning of a new era of American steelmaking. 

From the very beginning, the Heroult has been 
accepted as the most economical and best method 
of producing high quality special purpose steels; 
and today under certain conditions, large electric 
furnaces are competitive with open hearths. 

Modern Heroult electric furnaces are available 
in sizes ranging in holding capacity from 6000 lbs. 
up to and in excess of 400,000 lbs. Both gantry 
and swing-type roof-removing mechanisms are 
available. Door-charging furnaces and furnaces 
of special design, including units equipped with 
austenitic steel bottoms to permit induction stir- 
ring, can also be supplied. 

We welcome an opportunity to help you select 
and install the Heroult best suited to your require- 
ments. Please remember, however, that because 
the Heroult is a precision-engineered unit made 
to your particular requirements, it is advisable 
to anticipate your future needs as far in advance 
as possible. The Heroult we make and install for 
you will be the finest electric furnace that money 
can buy! 


ONE OF TWO 24'6” inside shell diameter Heroult electric melting furnaces 


installed in the ultra-modern mill of McLouth Steel Corporation in 

; Detroit. These, the largest melting furnaces in the world, with trans 

-_ former capacities in excess of 33,000 KVA, are capable of producing 


heats of more than 400,000 lbs. Featuring electro-mechanical controls 
throughout with swing-type roofs, they are equipped with the finest 
mechanisms and electrical apparatus available. 


AMERICAN BRIDGE DIVISION 
UNITED STATES STEEL CORPORATION, GENERAL OFFICES. 525 WILLIAM PENM PLACE, PITTSBURGH, PA. 


Contracting Offices in New York, Philadelphia, Chicago, Sen Francisco, and other principal cities. 
United States Steel Export Company, Hew York 


SEE THE UNITED STATES STEEL HOUR. It's a full-hour TV program presented every 
other week by United States Steel. Consult your local newspaper for time and station. 


— 
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| From France fifty years ago, came this iy "Is — 
ELECTR ces 


Lirpenter ... in improved Tool, Alley and Stainless Steels through continuing research 
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TEMPERATURE: 110° 


Temperature 


cmplo ing shunt of TEMPERATURE: * 
Compensator 


& OR 


"30." 


When Precision Equipment Must Behave at Varying Temperatures... 
Take Advantage of /arpenter High Nickel Alloys ! 


A specially-engineered steel in Carpenter's complete 
line of high nickel alloys is guarding the accuracy of 
watthour meter performance in all kinds of weather. 
Its use covers a wide range of electrical equipment such 
as watthour meters, voltage regulators, speedometers 
and aircraft tachometers. 


This alloy, Carpenter ‘Temperature Compensator “30”, 
is produced by specialists under strict quality controls. 
It is another example of how Carpenter's pioneering 
role in producing specialty steels to meet special appli- 
cations works for you in your effort to build better 
products at a reasonable cost. 


And Temperature Compensator “30” is but one of 


many Carpenter specialties. Other “extremely sensi- 
tive” alloys in this line respond to very weak electrical 
currents . . . permitting you to design smaller, lighter 
weight units. Still another Carpenter High Nickel Alloy 
assures precision product performance with practically 
no size change through temperature ranges up to 400°F. 

Take this step for product improvement, now: Write 
on your company letterhead for detailed information on 
Carpenter ‘Temperature Compensator, Low Expansion, 
High Permeability and Glass Sealing Alloys in such 
forms as strip, wire, bars, tubing and forging billets. 


arpet 


high nickel 
The Carpenter Steel Co., 133 W. Bern St., Reading, Pa. 


Export Department: The Carpenter Steel Company, Port Washington, N. Y—“CARSTEELCO” 
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- ONE FOR YOUR EVERY 
HEAT TREATING NEED! 


hether it's versatility you need—a single furnace that can 

handle any number of different heat treating jobs efficiently 
—or a specialized piece of equipment to do a single job to 
super-critical tolerances—Pacific’s complete line gives you 
exactly the right one for your job! 


The installations shown here are just a few of Pacific's “standard” 
furnace designs. In addition, modifications or completely 

custom designed furnaces can be built to your own specifications. 
A Pacific field engineer will be glad to discuss your heat 

treating problems or requirements—write today ! 


INDUSTRIAL 
HEAT TREATI 
EQUIPMENT 


PACIFIC SCIENTIFIC CO P.O. Box 22019, Los Angeles 22, California 
LOS ANGELES Please send me 


bulletins ond 
SAN FRANCISCO specifications 

on @ Pacific 
SEATTLE Furnace tor 
PORTLAND, OREGON 


ARLINGTON, TEXAS 


% TRACE marx 


PACIFIC 
SCIENTIFIC 
COMPANY 


type of work ' Stote 
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LET THE INSTRUMENT 
PROVE ITS VALUE TO YOU 
BEFORE YOU DECIDE 

TO PURCHASE 


See for yourself why more and more of our 
leading industrial firms, universities and re- 
search laboratories are turning to UNITRON 
microscopes, These remarkable instruments 
have dispelled the myth that unexcelled op- 
tical and mechanical performance is incon- 
sistent with low cost. Try one of these micro- 
scopes in your own laboratory for ten days. 
There is no cost or obligation. Verify its 
fine optical and mechanical performance. 


UNITRON Metallurgical Microscopes are 
chosen by such leading firms as. . . 


Union Carbide and Carbon 
Goodyear Atomic 

General Motors 

American Smelting and Refining 
CBS-Hytron 

Sperry Products 

Raytheon 

Arthur D. Little 

Corn Products Refining 
Spreque Electric 

National Bureau Standards 
International Nickel 

Firth Sterling 
Raybestos-Manhattan 

U.S. Dept. of Agriculture 
Colorado School of Mines 
Genera! Electric 

American Brass 

Minneapolls- ulator 
Procter & Gamble 

Glenn L. Martin Co 

E. |. DuPont de Nemours 
International Business Machines 
National Cash Register Corp. 


THIS COMPLETE CATALOG ON 
UNITRON MICROSCOPES IS 
YOURS FOR THE ASKING 


This colorful, Miustrat- 
ed catalog gives com- 
plete specifications on 
all of the instruments 
briefly described on 

this page, as well as 
others which we 


know will interest 
= S\ you. Send coupon 


Wncted Scientific Co. 


204 Milk Street, Boston 9, Mass. 


i Please send us your complete catalog on 


UNITRON Microscopes. 
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METALLURGICAL 4q 
MICROSCOPE 


FREE for 10 Days! 


UNITRON METALLOGRAPH 
and UNIVERSAL CAMERA 
Microscope, New Model U-11 


@ For visual observation. measurement, and 
phot ‘opague and frans- 
Daren 


@ Bright ¢ dort field, and polarized 
iNumination. 


@ Revolving nosepiece with 


25-2000X 


range: 


@ Compact and entirely Bm 
bullt-in x 4%" camera, high 
sity iNuminater. variable 


@ The image is automatically in focus in 
the camera—transition from observation 
te photography is Instantaneous. 


@ Transmitted light accessories for trans- 
parent specimens included. 


Calibrated mechanical stage with 
calibrated rotatable stage plate. 


Many other important features and 

inctuding calibrated polarizing 
apparatus, filters, micrometer eyepleces, 
flim holders, ete. Cabinet. 


@ Additional accessories include: Polaroid 
Land Camera attachment; 35 mm camera 
attachment; low-power (5 
tives; available at extra cost 


BINOCULAR MODEL, BU-11 only $1319. 


UNITRON LABORATORY MODEL MMU 


UNITRON Model MMU pioneers several 
new features available for the first time 
and, in addition, includes features found 
only in Instruments selling for well over 
twice our unusually low price. For 
metals and other opaque specimens un- 
der both ordinary and polarized light. 
This model! far surpasses the usual metal- 
lurgical microscope In versatility and 
makes an ideal ell-purpose laboratory 
microscope. Its features include: 


transformer bulit into microscope base. 
vertical ittuminator with Iris diaphragm 
and fiters. 

iuminater mounts on stage for oblique 
lighting. 

iWuminator mounts substage for trans- 
Oarent specimens. 

coated optics. 

coarte and fine foousing. 

focusable stage. 

calibrated drawtube. 


$287. 


UNITRON STUDENT MODEL MMA 


UNITRON Model MMA Is a complete 
and versatile metallurgical microscope 
priced at about the usue!l cost of an 
accessory vertical illuminator needed to 
adapt an ordinary microscope for work 
with opaque specimens. Model MMA 
offers many of the novel features of the 
larger Model MMU insofar as these 
features are not connected with the 
higher magnifications obtainable with 
an oil-immersion lens, Its low cost makes 
the MMA ideal for student use and 
routine laboratory investigations. Its 
features Include: 


transformer bullt inte microscope base. 
vertical ituminator with iris diaphragm. 
iWuminator mounts on stage for oblique 
iMuminator mounts substage for trans- 
parent specimens. 
coated optics, 
single focusing control 
substage 5-hole disk diaphragm. 
filter 

with obj 


ion. 
Pex, 


COMPLETE 49. 


ere connected 


observation of A speci- 
28-1500X. 


@ coarse and fine focusing. 


UNITRON Medel MEC © frosted. 


is of the Inverted type and . stage with 
for observa- 
tion of metals, ores, 
erals, etc. It Includes many e “polarizing 
of the features of the Mode! 


rotatable 
min- 


© COMPLETE “co $3] 9. 
iMuminator with iris fob Boston 

diaphragm. 


Binocular Model, only $493. 


(UNITRON| 

| : 

ay 

L 204-206 MILK STREET, BOSTON 9, MASS. 
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GLOBAR Heating Elements in this 


DIETERT /aboratory furnace help gasoline 
company SPEED SULFUR ANALYSIS 


@ This Sulfur Determinator installation in the laboratory of a leading gasoline company cuts 
sulfur analysis time from six hours to twenty minutes. “Varitemp” Combustion Furnace was designed 
and built by Harry W. Dietert Co., Detroit, Mich. — equipped with GLoBaRr® Heating Elements. 


ACCURACY 18 ESSENTIAL in al! phases of design, construction and 

operation of high temperature laboratory combustion furnaces. GLOBAR® Silicon Carbide 
Heating Elements — selected by Dietert and other leading electric furnace makers 

— provide uniform heat in a wide range, permit precise temperature control, and give 
long, dependable service. 

FOR MANY APPLICATIONS in the industrial heating field, GLOBAR non-metallic 
Heating Elements offer an efficient, economical and safe operation. In addition, heating 
with Globar elements is clean —free from dirt, noise and fumes. GLOBAR engineers 


will be glad to evaluate your heating requirements or problems...without obligation. 
Write The Carborundum Company, Dept. MP 87-622. 
Niagara Falls, New York. 


FREE CATALOG... gives detailed physical and Heating 
electrical characteristics of GLOBAR® Silicon Carbide Heating 


Elements... mounting and control recommendations. 3 YEARS EXPERIENCE Elements 
Write for Bulletin “H’ AT YOUR SERVICE 


CARBORUNDUM 


STEREO mame 
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VACUUM METALS CORPORATION 
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how Vacuum Metals’ FERROVAC boosts 


ball bearing screw life up to 400%... 


Ball bearing screw assemblies, first used in automobile 
steering mechanisms, are now found in such critical 
applications as the actuation of landing gear and con- 
trol surfaces of aircraft and guided missiles. And it 
was in tough jobs like these that the assemblies failed 
in fatigue. Then a leading manufacturer tried vacuum- 
melted FERROVAC® for the balls — and service life 
rose as much as 400% over the original life. Here's 
why... 

Vacuum melting improves fatigue properties — |t 
literally sucks gaseous impurities —focal points for 
fatigue failure —from the molten metal. Vacuum- 
melted metals are cleaner, purer, tougher. And clean- 


liness means an added bonus in fewer rejects. 
Only Vacuum Metals gives you one-source service — 
Vacuum Metal's own large organization, and its affilia- 
tion with National Research Corporation and Crucible 
Steel Company of America, means a fully integrated 
service from melting and casting through mill rolling 
and nationwide distribution of finished mill products. 
And you can get not only small experimental lots, but 
now, thanks to our new 2500 Ib. induction furnace — 
the nation’s largest — you can also get large-scale 
continuous production quantities of vacuum-melted 
metals. If you have an application which these unique 
metals may improve, please write giving full details. 
Vacuum Metals Corporation, P. O. Box 977, Syracuse 
1, New York. 


Jointly owned by Crucible Steel Company of America and National Research Corporation 
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Facilities of... 
COMMERCIAL HEAT TREATERS 


can cut YOUR costs 


An MTl commercial heat treater is located near you and is ready to 
serve your needs by performing “Custom-tailored” heat treating 
operations. 

Because all members of the MTI are specialists with complete service 
facilities centralized in one plant, they are equipped to offer you o 
variety of heat treating processes—atmosphere hardening, car- 
burizing, nitriding, annealing, cyaniding, etc. 

For example, Fig. | shows on installation of o shaker hearth furnace 
with a continuous automatic quenching tonk and a conveyor to @ 
washing machine. 

Fig. 2 illustrates a gas flame hardening unit featuring accurate 
temperature control and using two semi-circular gas manifolds 
mounted on movable carriages with 20 or more burner heads. 

A further example of versatile and dependable equipment found 
in a commercial heat treating plant is seen in Fig. 3. The specially 
designed furnace conveyor belt carries over 35 Ibs. per sq. ft. in . 
normal service and sometimes as much as 5000 Ibs. are loaded on Fig. 3 
it with pieces ranging from '4 |b. to 100 tbs. and temperatures 
up to 1650°. 

Possessing such equipment together with many other specialized 
facilities ond employing the trained personnel with technical 
knowledge ond experience is the business of the commercial heat 
treater. Teamwork between you and the commercial heat treater 
con cut your costs. 


WRITE FOR the booklet called: 


“STRATEGIC USE of OUTSIDE HEAT 
TREATING FACILITIES CAN CUT COSTS.” 


Allied Metal Treating Corp. 
Kenosha Port Washington, 
Racine, Wisc 

American Metal Treatment Co. 
Elizabeth, New Jersey 

Anderson Steel Treating Co. 
Detroit, Michigan 

8. & W. Precision Heot Treating Co. 
Kitchener, Ontario, Canada 

Benedict-Miller, Inc. 
Lyndhurst, New Jersey 

Bennet? Heat Treating Co., inc 
Newark 3, New Jersey 


Cook Heat Treating Co. of Texas 


it, Texes 


on Forging & Heat Treating Co. 


ie on 3, Ohio 
Treating Corp. 

Dallas, Texas 
Drever Compon 

Philadelphia 33, Pennsylvania 
Greenman Steel Treating 

Worcester 5, Massachusetts 
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Heinzelmon & Sons 
New York 12, New York 
Alfred Heller Heat Treating Co. 
New York 38. New York 
Heollywoed Heat Treating Co. 
Los Angeles 38, California 
LR Heot Tr 
New Jersey 
The Lokeside Steel improvement Co. 
Cleveland 14, Ohioe 
Metallurgical, inc. 
Minneapolis 14, Minnesote 
Metollurgical, inc. 
Kansas City 6, Missouri 


Metiab Co 
Philadelphia Pennsylvania 


Metre Heot Treat Co. 
Ridgefield, N. J 

New England Metallurgical Corp. 
South Boston 27, Massachusetts 

Paulo Products Company 
St. Louls 10, Missouri 

Commercial Heot Treating Co. 

Pittsburgh |, Pennsylvania 

The Queen City Steel Treating Co. 
Cincinnati Ohio 

4. W. Rex Company 
Lansdale, Pennsylvania 

Stenley Rockwell 
Hartlord 12, Connecticut 

Cc. U. Seott & Son, inc. 
Stainiess Steels) 
ock Isiand, Illinois 

Stonderd Stee! Treating Co. 
Detroit 10. Michigen 

Syrocuse Heat Treating Corp. 
Syracuse, New York 

Winton Heat Treoting Company 
Cleveland Ohio 


Fig. 1 Fig. 2 
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PRECISE QUALITY CONTROL Heart of the Curtiss-Wright System 
is a precision remote control manipulator mounted on the tank 
scanner assembly. It carries an underwater “search crystal” back 
and forth over the entire plate of aluminum, discharging vibra- 
tions of several million cycles a second which penetrate the metal. 
A cross sectional view of the material being inspected is presented 
by the “B” scan unit of the console. 


Curtiss-Wright 
ULTRASONIC 
IMMERSCOPE 


LOWER COSTS FOR QUALITY The operating console provides 
complete control of scanner speed and sequences. Servo con- 
trolled mechanism provides four different scanning motions. 


Photos courtesy Kaiser Aluminum & Chemical Corp., Trentwood, Wash. rolling mill 


GUARDS QUALITY FOR KAISER ALUMINUM 


Rolled aluminum has to meet rigid quality speci- 
fications—a problem made to order for Curtiss- 
Wright Ultrasonic Test Equipment. This ultra- 
modern system uses high frequency vibrations to 
provide more accurate inspections at lower costs, 
whether for aluminum, forgings, welded tubing, 
rolled plate, extrusions or other metal products. 

Any flaw is immediately translated into a 
visible reading on the cathode ray tube of the 


Curtiss-Wright Immerscope. A built-in alarm 
system automatically marks the location of any 
flaw and at the same time provides visual indica- 
tion of its size and location. By speeding inspec- 
tion and reducing costs, Curtiss-Wright ultra- 
sonics can give your production important quality 
control advantages. For complete details write 
Industrial and Scientific Products Division, Curtiss- 
Wright Corporation, Caldwell, N. J. 


INDUSTRIAL AND SCIENTIFIC PRODUCTS DIVISION 


CURTISS- 


CORPORATION: 


CALOWEAL, 
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Read what the new Kodak 
industrial X-ray Film, 
Type AA, will do tor you. 


© Reduces exposure time—speeds up 
routine examinations 
Provides increased radiographic sen- 
sitivity through higher densities 
with established exposure and proc- 
essing technics 
Gives greater subject contrast, more 
detail and easier readability when 
established exposure times are used 
with reduced kilovoltage 
Shortens processing cycle with exist- 
ing exposure technics 
Reduces the possibility of pressure 
desensitization under shop condi- 


tions of use 
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Kodak 
Industrial 
X-ray Film, 
Type AA 


Here is a brand-new x-ray film that gives you 
greatly increased film speeds. It is a film that retains 
the fine sensitivity characteristics which have made 
Kodak Type A the most widely used x-ray film 

in industry. Then in addition it gives speeds up to 
more than double those of Type A 


This means that you can cut down exposure time, 
handle routine examinations more quickly 

Your x-ray dealer and the Kodak ‘Technical Repre- 
sentative are ready to tell you all about this new film 
Get in touch with them. See what it will mean to you 


EASTMAN KODAK COMPANY 
X-ray Division 
Rochester 4, N. Y. 


| 
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“flying box car” safety 


Controlled quenching with B&G equipment is an 
important step in heat treating landing gear struts for 
Fairchild “Flying Boxcars’’. It is one of the processes 
which assure an end product that will stand up under 
the high stresses and shocks which occur in landing 
a heavily loaded plane! 

This installation is an outstanding example of excel- 
lent heat treating and quenching facilities. Most of 
the equipment is located in a basement with only the 
tops of the furnaces and quench tanks exposed above 
the steel plate floor. 


The B&G Quench Tanks have a capacity of 1200 
gallons. In the tanks, the oil is not only circulated 
rapidly and agitated but is changed once a minute by 
high capacity B&G pumps. Quench oil is drawn from 
storage tanks in the basement and is held at 135°- 
140°F. by live steam heat exchangers. With the rapid 
circulation and agitation of the oil, average loads are 
brought to quench oil temperature in about 15 
seconds. 


B&G Oil Quenching Systems are available either as 
component parts for assembly on the job, or as self- 
contained packages which combine Coolers, Motors, 


Send for Catalog and Pumps, Strainers and all controls into single, inte- 
Simplified Selection grated units. Engineering service is always available. 


Hydre-Fie 
OIL QUENCHING SYSTEMS 
BELL & GOSSETT COMPANY 


Dept. EK-16, Morton Grove, illinois 
Canadian Licenwe: S$. A. Armstrong, Lid., 1400 O' Connor Drive, W. Toronto 


*REG.U 
PAT. OF 


B&G Quench Tank with B&G Circulating Pump. 
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NATIONAL ENGINEERING SERVICE 


on 
Heat and Corrosion Resistant Castings 


General Alloys Company products are backed 
by a national engineering service offering un- 
excelled mechanical and metallurgical Heat and 
Corrosion Resistant Alloys for all Defense and 
Industrial applications. 


"There is no substitute for Experience’”’ 


GENERAL ALLOYS BRANCH OFFICES AND REPRESENTATIVES 


BALTIMORE, Maryland CHICAGO, DETROIT 2. Michigan MINNEAPOLIS 6, Mina. "The 
Gathmann, ir. General Al Company General All Company Warren Eokiand ee 0. Desautets Co 
513 Park Avenue Edward T. Don Hutenine 2828 Lyndale Ava Geuth 
224 Michigan A 3-147 General Motors Bidg. wyeer 
BUFFALO, W York FORT WAYNE &, indiana LOUISVILLE 7, Kentwoky NEW ENGLAND 
0. venue an 
HY Tacoma Ave. 2254 Euotid Ave. West Concord, Mass. 
DENVER. Colored HOUSTON 3, Texas INDIANAPOLIS 8. indians NEW YORK 7. Wew Vert 
Alabama Tracy C. Jarrett 4 Wm. Brice Ce. The Genres 0. Desautele esautots Co. 6 eneral Altoye Ce. 
m Street 
544 American Life Bidg. mone 508 Bastrop St. P.O. Bex 7011 
PHILADELPHIA, Pa. PITTSBURGH 15, Pa. 
John P_ Clark Co. Vincent C. Leatherby ST, LOUIS 16, 
124 8. Easton Read 104 Fourth St. ated Steet Mille, ine. 
Glenside, Pa Sharpsburg 15, Pa. 65 Morgantord Road 
405 WEST FIRST STREET BOSTON, MASS. 


“OLDEST AND LARGEST EXCLUSIVE MFRS. OF HEAT & CORROSION RESISTANT CASTINGS” 


HE QUALITY NAMES IN ALLOY ! 


ve 


Here is a new development employing radioactive 
cobalt, iridium, or cesium as a source of gamma 
rays. One of the most practical means yet devised 
for industrial non-destructive testing, the KEL-RAY 
Projector lowers costs and simplifies procedures wher- 
ever radiographic testing can be applied. Here’s why: 


PORTABLE Requiring no 
external power, the KEL-RAY 
Projector is available in three 
portable sizes, the smallest of 
which can be moved by hand. 


equipped with tamper-proof 
shutter, it is designed and built 
to keep radiation leakage at a 
minimum—well below AEC 
and ICC safety requirements. 


ECONOMICAL — Initial and operating costs are 
low. Requires no maintenance during life of 
isotope. Set-up time and man-power are minimized. 


BZASY TO USE - Simple to operate on light or heavy 
material up to 8 inches thick by anyone properly trained. 


For information on how the KEL-RAY Projector 
can meet your needs, write for Bulletin P 196 P 


CORPORATION 


The Projector 


a portable tool for low-cost radiography 


Colloidal Lubricants 
Step Up Production 
In Extrusion Operations 


Finished product emerges from large extrusion press in a lead- 
ing aluminum extrusion plant. A Grafo product is used in this 
operation. 


Aluminum extrusion monufocturers find Grofo Colloidal Lubriconts o 
definite help in stepping up production and cutting costs. Grofo 
Lubriconts prevent sticking, overt build-up and provide just the right 
lubrication for proper metal flow in extrusion dies. Try Grafo Colloidal 
Lubricants soon in your plant. Avoid costly breakdowns. increase pro- 
duction. Cut costs ond moke a better extruded product. Write us 
todey for information on your operation. 


COLLOIDS 
CORPORATION 


279 WILKES PLACE | 
SHARON, PENNSYLVANIA 


SAFE —Ruggedly constructed, 


METAL & THERMIT 


* GENERAL OFFICES: RAHWAY, NEW JERSEY 


WELOING SUPPLIES RADIOGRAPHIC EQUIPMENT PLATING MATERIALS ORGANIC COATINGS 
CORAMIC MATERIALS TIN CHEMICALS @ METALS ALLOYS @ MELTING SCRAP 
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INDUSTRIAL Gas EQUIPMENT 


NO BLOWER OR 
OTHER POWER 
NEEDED 


JUST CONNECT TO GAS SUPPLY 


BUZZER Equipment, a buy-word 
since 1911, provides the hottest 
ond quickest heating . . . without 
7 blower or power. Wide range of 
turn down and heot control. You 
can depend on a BUZZER. 


Atmospheric Pot 
Hordening Furnaces 


Send for complete 
BUZZER Catalog. 


126 $0. GRAND AVE, BALDWIN, L. N. ¥. 
BURNERS FURNACES Heat Treoting, Melting, Soldering ) 
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National 


Metal 


Exposition 


And 
Congress 


PUBLIC HALL 
CLEVELAND, OHIO 


8 thru 12 


AS 


AMERICAN SOCIETY FOR METALS 


7301 EUCLID AVE. - CLEVELAND 3, OHIO 


JULY 1956 


SEE nearly 500 exhibits of the most up- 
to-date ideas in metals . . . heat treating, 
fabricating, cleaning, finishing, machining 
foundry methods, forging, testing, weld- 
ing, inspection. 

LEARN the answers to those tricky 
metals problems that plague you in 
industry today. It's like a visit to 500 
plants . . . all under one roofl 

MORE THAN 100 TECHNICAL 
PAPERS scheduled. Specialists will 
discuss their most recent findings . . . 

tell you what's new and coming in 

the metals field. 

YOU'LL GAIN informotion for 
production planning that would 

take months to uncover in any 

other way. You'll earn and 

learn much more than the cost 

of your visit to this, the great- 

est of all Metal Shows... . 

a must for management, en- 

gineers, production and 

purchasing men who are 


concerned with metals. 


OWNERS AND MANAGERS 
Netions! Metal Congress Western Meta! Exposition 
Notions! Metal Exposition Metals Engineering institute 
Western Metal Congress Metaliur gical Seminar institute 


PUBLISHERS 


Metal Program ASM Transactions 
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you CAN cur INSTRUMENT DOWN.-TIME = service from hours 
to minutes in most cases with an adequate supply of Bristol 
thermocouples and pyrometer accessories. 


How much can 
interrupted pyrometer 
service cost you? 


Now’s the time to worry — before it happens — about what 


a. pyrometer service can do to your production 
schedules, cost figures, and quality controls. 

And now’s the time to lay in a supply of Bristol’s pyrome- 
ter — and accessories to cut down-time to a minimum. 
Bristol's complete line of the ‘rmocouples, renga tubes, 


radiation-unit accessories, refractory insulators mounting 
fixtures, thermocouple wire, and extension wire, switches, 
ink, and charts, are available in a wide selection of inter- 
changeable sizes and types to fit all standard installations. 
They're backed by Bristol's 51 years experience in indus- 
trial pyrometry. We've built thousands of pyrometers for 
every application—in iron, steel, non-ferrous metal smelting 
and refining; in petroleum, chemic al, ceramics, glass, paper, 
and food-processing industries and in power, heat and in- 
cineration utilities. 
You'll find these pyrometer sup- 
lies completely described in our 
56. mage Bulletin P1238, together 
with technical data on selection, 
installation, maintenance, and 
calibration. Write for your copy 
today. The Bristol Company, 155 
Bristol Road, Waterbury 20, Conn. 


FREE BULLETIN P1238. Tells how to 
select, install, calibrate and care 
for thermocouples and pyrome- 
ter accessories. 


BRISTO 


AUTOMATIC CONTROLLING, 
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Points the Way in 
Human-Engineered Instrumentation 


RECORDING AND TELEMETERING ‘NSTRUMENTS 


Guid and better than the bol 
less steels. Because of its many e: 
characteristics, it has found many 


INVERTED PIT-TYPE FURNACE 


PERECO 


for 
bottom 
loading 


Model IP-74 


temperature 
2900° F. 


Affording the convenience of bottom loading this 
Pereco Model IP-74 is an especially versatile, wide 
temperature range (up to 2900°F.) electric labora- 
tory furnace. Chamber size is 9” w. x 9” 1. x 10” d. 
and has 4 silicon-carbide elements on each side. 
Door is operated manually by chain lift. Arch plug 
can be provided for exhausting and rapid cooling. 
Furnished complete with transformer, 36-tap switch, 
ammeter and magnetic contactor. Temperature con- 
trols as required. 


Write 


PERENY EQUIPMENT COMPANY 


Dept. Q, 893 Chambers Rd., Columbus 12, Ohio 


Stondard or Special Furnaces or Kilns 
for Temperatures from 450° to 5000°F. 


AM. 
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a) to investigate Elgiloy’s advantages... 
ELGIN NATIONAL WATCH COMPANY 
— 
maximum 
N DETAILS 
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CLASSIFICATION OF MICROS 
Optical and Electron 

Class 1. Lrons and steels 

Class 2. Stainless steels and heat resisting 
alloys 

Class 3. Aluminum, magnesium, beryllium, 
titanium and their alloys 

Class 4. Copper, nickel, zinc, lead and their 
alloys 

Class 5. Uranium, plutonium, thorium, zir- 
conium and reactor fuel and control 
elements 

Class 6. Metals and alloys not otherwise 
Classified 

Class 7. Series showing transitions or changes 
during processing 

Class &¢ Welds and other joining methods 

Class 9. Surface coatings and surface phe- 
nomena 

Class 10. Results by unconventional techni- 
ques (other than electron micrographs) 

Class 11. Slags, inclusions, refractories, cer- 
mets and aggregates 

Class 12. Color prints in any of the above 
classes (no transparencies accepted) 


SSS 
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RULES FOR ENTRANTS 


Work which has appeared in previous 
metallographic exhibits held by the 
American Society for Metals is unaccept- 
able. Photographic prints should be 
mounted on stiff cardboard; maximum 
dimensions 14 by 18 in. (35 by 45 em.) 
Heavy, solid frames are unacceptable. 
Entries should carry a label on the face 
of the mount giving: 

Classification of entry 
Material, etchant, magnification 
Any special information as desired 

The name, company affiliation and 
postal address of the exhibitor should be 
placed on the back of the mount. 

Entrants living outside the U.S. A. 
should send their micrographs by first- 
class letter mail endorsed “Photo for 
Exhibition—May be opened for customs 
inspection”. 

Exhibits must be delivered before 
Oct. 1, 1956, either by prepaid express, 
registered parcel post or first-class letter 
mail, addressed to 
ASM Metallographic Exhibit 
7301 Euclid Ave. 

Cleveland 3, Ohio 


JULY 1956 


= 


Entries are invited in the 1lth ASM 
Metallographic Exhibit, to be held at 
the National Metal Exposition in 
Cleveland, Oct. 6 through 12, 1956. 


AWARDS AND OTHER INFORMATION 


A committee of judges will be appointed by the Metal Con- 
gress management which will award a First Prize (a medal and 
blue ribbon) to the best in each classification. Honorable Men- 
tions will also be awarded (with appropriate medals) to other 
photographs which, in the opinion of the judges, closely approach 
the winner in excellence. A Grand Prize, in the form of an en- 
grossed certificate and a money award of $100, will also be 
awarded the exhibitor whose work is judged best in the show, 
and his exhibit shall become the property of the American 
Society for Metals for preservation and display in the Society's 
national headquarters in Cleveland. 


All photographs may be retained by the Society for one year 
and placed in a traveling exhibit to the various Chapters. They 
will be returned to the owners in May 1957 if so desired. 


METAL CONGRESS 
AND EXPOSITION 


CLEVELAND, OHIO 


OCTOBER 6 to 12, 1956 
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Research or production 
control analysis problem? 


One of these instruments 
will solve it! 


Nearly every business has an analysis 
problem — either in research, produc- 
tion control or a combination of the two. 
Now, whether your budget is large or 
small, whether your requirements are 
critical or routine, JAco has an instru- 
ment tailored to your needs. 


.. . for analysis of a wide vari- 
ety of materials in the most 
exacting research or production 
control work, This instrument 
is the finest produced by the 
world’s leading manufacturer of 
large grating spectrographs. 
Unmatched for power, versatil- 
ity and flexibility. 


JAco Spec-Lob 


. .» for production control and 
routine research. The low-cost 
Spec-Lab brings to all the advan- 
tages of spectrochemical anal- 
ysis long enjoyed by the few. 
Includes precision spectrograph, 
source, microphotometer, pho- 
toprocessor, calculating board 
and other needed accessories in 
an easy to use form. 


. . » for production control or 
routine analysis. The ideal high 
sensitivity instrument for appli- 
cations requiring fast, accurate 
results. Employs modern elec- 
tronic system similar to those 
found in computers and scalers. 


. . . for production control. A 
sturdy 1l-element direct reader 
that is low in cost yet has speed 
and accuracy equal to the most 
expensive. Simple and easy to 
Operate. Features a temperature 
compensator and analysis by 
read-out meter or optional re- 
corder. Installed, calibrated and 
serviced by nationwide JAco 
branch offices. 


oon 10 


JARRELL-ASH COMPANY 


22 Farwell Street, Newtonville, Massachusetts 


Branch Atlanta, Ga. Los Angeles (Duarte) Palo Alto, Cal. 
Offices: Chicago, ti. Muskegon, Mich. Pittsburgh, Pa. 
New York, N. Y. 
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Carl mayer Hi-Temp, Recirculating Type 
HEAT TREAT FURNACES 


effect large savings in drawing, tempering, ageing, and heat 
treating of such products as bearings, billets, springs, screws, 
tools, gears, etc. in steel or aluminum. Continuous operation 
at temperatures up to 1200° F. Temperature uniformity guar- 
anteed! Gas, oil, or electric fired. 


Write for Bulletin HT-53 


3030 EUCLID AVENUE CLEVELAND 1 


OTHER PRODUCTS: Core & Mold Ovens * Rod Bakers + Paint and Ceramic 
Drying Ovens + Special P ing Equip faa ies 


Combination batch 
and conveyor oven 


For better production with savings in time, fuel and 
material, investigate the exclusive advantages of 
Young Brothers Ovens and Furnaces. Standard or in- 
dividually designed Batch and Conveyor Ovens are 
the result of Young Brothers 60 years experience in 
this highly specialized field. Experienced engineers 
are available for consultation without obligation or 
write for Bulletin 10. 


YOUNG BROTHERS COMPANY 


1829 Columbus Road * Cleveland 13, Ohio 
Estab. 1896 
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JAco Ebert Convertible 
Spectrograph 
- 
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YOUNG BROTHERS OVENS 
JAco-Hliger 
) 
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Announcing... SUPERCASE 


OUR NEW PROCESS for NITRIDING STAINLESS STEEL 


“SUPERCASE” is especially adoptable for use on parts 


where an extremely hard, weor resistant surface with 


“SUPERCASE” hos already been successfully proven in 
use by ELECTRONICS, AIRCRAFT, CARBURETOR, TRANS- 


maximum corrosion resistance is needed. MISSION and SMALL PARTS manufacturers. 


“SUPERCASE” HAS THESE ADVANTAGES 
OVER OLDER METHODS OF NITRIDING: 


1. “SUPERCASE” depths are controlled to closer limits. 
because a more uniform, extremely hard case is obtained 
with only a light case required Normal case depth ranges 
between .0003 to 0007, yet weor tests on “SUPERCASED” 
small geors proved they outlasted, by several times, the 
life of the unit to be used 

2. “SUPERCASE” may be removed in the event of a 
change ofter ports hove been finished — the ports re 
worked and then re-nitrided 

3. “SUPERCASING” may be done on a selective basis 
To machine an area further after nitriding, area con be 
masked off and will remain soft after processing 

4. “SUPERCASE” con be used on all types of Stoinless 
Steel. 


“THE STANDARD OF THE | 


STANDARD $ 


3467 Lovett Avenue « Detroit 10, Michigan « Phone TAshmoo 5-0600 


You can't 
afford 
inefficient 
light metal 


processing | 


Manufacturers, nation-wide, are searching for ways to cut 
production costs. Many have found an answer—increase the 
efficiency of heat processing methods. Light metal processing 
can be specially wasteful—unusual properties of aluminum, 
magnesium, and titanium call for an oven specifically 
designed to meet the application involved. 


A WEALTH OF OVEN FACTS 


This new booklet by MOCO engineers is 
filled with valuable information on process 
heating. Send for it now. 


That's why more and more light metal manufacturers are 
turning to MOCO for the answer—and they're finding it. 
MOCO builds ovens and only ovens. Their entire engineering, 
service, and sales organization have one interest——your heat 
processing operation, Why not contact your MOCO repre- 
sentative today? 


MICHIGAN OVEN COMPANY 


~ 


417 Brainard 
Detroit 1, Michigan 
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tributes parts evenly 
ALUMINIZING on conveyor. A par 
titioned, conveyorized 


dual quench moves 


ANNEALING laterally to permit 


either oil or water 


BILLET HEATING 
BRAZING 


BRIGHT 
ANNEALING 


CARBON 
RESTORATION 


CARBURIZING 


CERAMIC 
DECORATING 


DRAWING 


ENAMELING 


for 


GALVANIZING @ Reflecting more than 30 years of continuous research, 


HARDENING 
HOMOGENIZING 
MALLEABLIZING 
NORMALIZING 
NITRIDING 
SINTERING 


SOLUTION 
TREATING 


STRIP— 
ANY PROCESS 


SPECIAL 
ATMOSPHERE 
TREATMENTS 
AND OTHER 
PROCESSING 


EF gas fired radiant 
tube combination 


AGING hardening and dry 
cyaniding furnace. An 
automatic feeder dis 


quenching 


EF gas fired radiant 
tube gas carburizing 
unit with automatic 
quench, wash and draw 

conveys gears and 
other material through 
on three separate rows 

of trays 


experience and outstanding engineering accomplish- 
ments, EF production furnaces combine high heating 
efficiency — accurate, automatically controlled cycles 
high fuel economy — and produce products with uniform 
physicals and surface finish year after year. 


For advanced engineering designs that minimize main- 
tenance and produce high hourly outputs, turn your 
production furnace problems over to experienced 


EF furnace engineers—IT PAYS. 
THE ELECTRIC FURNACE CO. 


108 ANY PROCESS PRODUCT PRODUCTION 


Conedien Associates @ CANEFCO LIMITED @ Toronto 1, Conede 


EF continuous equip- 
ment is built in many 
sizes and types tor 
various processes on 
stainless and other fer 
rous and non ferrous 
strip, wire, tubing 
stampings and other 
products 


Ml these and other processes 
STRESS 
- 
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Here’s a story 


that. COUNTS — 


... Tool Life INCREASED 33'4% 
by using COPPERWELD 
8620 LEADED ALLOY STEEL 


A manufacturer of hydraulic pumps was averaging 
7200 pieces per set of tools used in milling slots on this 
hydraulic pump rotor. By switching to Copperweld 
Leaded Steel, this tool life was increased to 9600 pieces. 


In addition to longer tool life, leaded steel gives faster feeds 
and speeds, and a finer finish often eliminates a clean-up 
operation—truly, the steel with “built-in 

productivity.” To put more operating profit 

in your production picture, try 


Copperweld Leaded Steels. 


Write for 
booklet, 
LS Y Steels.” 


COPPERWELD STEEL COMPANY e¢ STEEL DIVISION ¢ WARREN, OHIO 
EXPORT: Copperweld Steel International Co., 225 Broadway, New York 7, N. Y. 
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